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The IBM 7750 Programmed Transmission Control is 
a Tele-Processing® system component that links a 
central computer with remote terminals. Tele- 
communications equipment such as telegraph termi- 
nals, IBM 65/66 Telegraph Data Transceivers with 
IBM 67 Telegraph Signal Units, IBM 7701 or 7702 
Magnetic Tape Transmission Terminals, IBM 1013 
Card Transmission Terminals, IBM 1009 Data 
Transmission Units, or IBM 1050 Data Communica- 
tions System may be connected to the 7750 through 
appropriate channel adapters. The 7750 is also 
connected to an IBM Data Processing System through 
a data channel. The 7750 thus enables computer 
users to combine data processing capabilities with 
the transmission capacity of many telecommunica- 
tions devices (Figure 1). 

The 7750 is a stored program unit that serves as 
a buffer control device, directing and controlling the 
flow of information between the computer and its 
communications network. This network may have a 
variety of standard or specially designed terminals, 
each operating independently but linked directly to 
the system. The terminals may have different trans- 
mission speeds. The 7750 accepts electrical signals 



simultaneously from a number of communications 
lines, converts these signals into bits, then into 
characters, then into records and, finally, relays 
these records at high speed to the computer for 
processing. 

Usually, the prime function of the 7750 is to con- 
nect the diverse elements of the network to an asso- 
ciated computer such as the IBM 1410, 7010, 7040, 7044, 
7070, 7074, 7080, 7090, or 7094. Tele-Processing 
systems using the 7750 may be employed for airline 
reservations, message routing, centralized data 
processing, production control, or other applica- 
tions. The system planner can choose the computer 
and be assured that the communications problem will 
not be a significant factor in determining his choice. 

The IBM 7750 is organized around two magnetic 
core storages. Control storage is used to control 
the communications network and to assist in the 
execution of the programs. This memory contains 
128 words; there are 48 bits per word of storage. 
Process storage is used to hold the message queues 
and the programs. Process storage may be one of 
three sizes: 16,384 words, 48 bits per word (some- 
times called 16K storage); 8, 192 words, 48 bits 
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per word (8K storage); or 4, 096 words, 48 bits per 
word (4K storage). Specific job applications deter- 
mine the size of process storage chosen. All im- 
portant functions of the 7750 axe performed in and 
around these memories. The Tele-Processing 
system depends on the terminals used, which model 
of the 7750 is installed, and the traffic volumes of 
the customer. 

Within a Tele-Processing system, the 7750 per- 
forms five basic functions: 

Data Assembly (and Distribution) proceed automatic- 
ally with only occasional supervision from the stored 
program. Data assembly begins whfen bits are de- 
rived from the incoming communications circuits by 
the channel adapter. The process continues until 
characters are assembled into complete data mes- 
sages in the process storage section of the 7750. 

Information Conversion from or to the form required 
by the computer includes changes to both the code 
and format of the message. Conversion is con- 
trolled by the 7750 stored program. 

Editing involves omitting and adding special char- 
acters (and, sometimes, format changes) under 
program control. 

Monitoring and Supervision checks incoming (or 
outgoing) traffic to indicate the status of terminals 
and oversees the data flow in a network. The stored 
program controls this function. 

Data Transfer supplies data to and accepts data 

from the computer, on a demand and response basis, 
through linkage connecting the 7750 and the computer. 



adapters. The channel adapters perform a variety 
of functions such as time-multiplexing a number of 
low-speed channels into one high-speed output, and 
recovering bit timings from synchronous data. The 
design of this rack is modular to match different 
types of communications networks. For example, 
two modules are required for handling data on from 
one through 56 low-speed lines. If 57 through 112 
low-speed lines are desired, three modules are 
required for data handling. For any number of low- 
speed lines (from one through 112), one of the mod- 
ules is used for controls. For from one through 
four high-speed lines, one module is required (and 
no extra module is needed for controls). Thus, all 
four modules could be used to accommodate as many 
as 16 high-speed lines. 

3. Process Control Rack: This rack contains the 
registers and the instruction control circuitry for 
performing three basic functions: (a) assembly and 
distribution of data between the communications 
channels and process storage; (b) processing of 
assembled data under the control of stored programs; 
(c) transmission of data from and to the central 
computer. 

4. Core Storage Rack: This rack contains the pro- 
cess storage and control storage. The data and 
address registers for these storages are in the pro- 
cess control rack. 

5. Power Supply Rack: The power supply rack con- 
tains all the power supplies necessary to run the 
7750. 



Communications Terminology 
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The 7750 is made of five standard IBM racks. 

1. Communications Line Terminator Rack: The 
major functions of this rack are to adapt communi- 
cations lines to the 7750 and to aid the customer in 
isolating troubles in his communications network. 
The rack contains patch panels (a type of control 
panel for physically connecting transmission line 
terminations to internal 7750 channels), signal 
generation circuitry, and equipment to aid in the 
running of diagnostic programs on the 7750. 



2. Channel Adapter Rack: This rack is designed to 
hold different types and combinations of channel 



Thfi followincr communications terms are defined to 
clarify the explanation of 7750 operation. 

Half -Duplex: A channel in which information can be 
transmitted in either direction, but only one direc- 
tion of transmission may be employed at any one 
time. 

Full -Duplex: A channel in which information can be 
transmitted in both directions simultaneously. Full- 
duplex channels are often made of two half-duplex 
channels. 

Start -Stop Transmission: In this method of trans- 
mission the data bits are preceded by a start bit, 
and are followed by one or more stop bits. The 
total number of stop bits is not necessarily an integer. 



The purpose of this method is to allow the receiving 
terminal to stay in synchronization with the trans- 
mittir^ terminal. In each character, the start and 
stop bits are the synchronizing information; thus, 
the receiver is resynchronized by each character. 
This method of transmission is used by normal 
telegraph machines. 

Synchronous Transmission: Initially, the receiving 
terminal is synchronized with the transmitting 
terminal by the receipt of special sjmchronizing 
information (bit pattern), then the transmission of 
data begins. While data are being transmitted, no 
special synchronizir^ information is needed. It is 
assumed that both terminals stay in step for the dur- 
ation of the transmission. At intervals, new syn- 
chronizing information is transmitted. It can be 
sent at the beginning of every message, or as in- 
frequently as once a day. Synchronous transmission 
is generally used on high-speed channels, because 
it requires fewer bits than start-stop to transmit 
the same amount of information. For example, the 
IBM 7702 Magnetic Tape Transmission Terminal 
employs synchronous transmission. 

Modem: The word modem is a contraction of the 
term modulation-demodulation. It is a device that 
accepts as input, from IBM equipment, binary- 
valued electrical signals and gives as output, to the 
transmission lines, a modulated waveform suitable 
for transmission over a communications channel. 
Conversely, the modem receives modulated wave- 
forms from the transmission channel and converts 
them into binary-valued electrical signal outputs to 
IBM equipment. 
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Abbreviation 

ACIF 

AL 

CE 

CH 

Clock-Hold 



CLT 

CS 

CSAR 

CSDR 

CSR 

CT 

CWD 



Meaning 

Adapter Control Interface 

Address- and Limit-Moving Instructions 

IBM Customer Engineer 

Character Manipulating Instructions 

An instantaneous stopping of the 7750 clock 

whenever an error occurs, without the clock's 

continuing to the end of a cycle, 
Ccmmunications Lines Terminator 
Control Storage 

Control Storage Address Register 
Control Storage Data Register 
Channel Service Register 
Control Instructions 
Channel Word 



Abbreviation 



DWD 

ECWD 

FM 

FSB 

HSA 

HSA2 

ICR 

IFCR 

IFDR 

IR 

IWD 

Jack 



L 

LCS 

LDS 

LWD 

M 

MCA 

MRR 

ms 

MS 

MSDR 

MSR 

OAR 

P(word) 

Patch 



PC 
PCR 

Program Stop 



PS 

PSARl 

PSAR2 

PSDR 

PWD 

R 



SC 

sec 

SCO 

Scratch Words 

S/R 

ss 

SSDC 
STR 
usee 
W 

We 
W* 



Meaning 



Data Word 

Error Channel Word 

Frequency Modulation 

Fractional Sampling Bit 

High-Speed Adapter 

High-Speed Adapter, Model 2 

Interface Control Register 

interlace ^^cnuro^ Ixegister 

Interface Data Register 

Instruction Register 

Instruction Word 

A hole on the patch panel into which a cord is 
inserted (from another jack) to connect a 
communications channel to a 7750 internal 
channel, 

Length-of-Modifier Portion of an Instruction 

Last Clock Sample 

Last Data Sample 

Limit Word 

Modifier Portion of an Instruction 

Multiplexing Channel Adapter 

Mode Request Register 

Millisecond 

Multiplexor Storage 

Multiplexor Storage Data Register 

Mode Status Register 

Operational Address Register 

Process Word 

Manual connection, by cord on a patch panel, 
of a communication line termination with a 
7750 channel termination. 

Process Control 

Eh'ocess Control Rack 

A stop (caused by pushing the stop key) that oc- 
curs at a normal end-cycle time. (Note: The 
program stop light comes on with error stops 
as well as program stops.) 

Process Storage 

Process Storage Address Register 1 

Process Storage Address Register 2 

Process Storage Data Register 

Process Word 

Register to be used in a character-manipulating 
or control instruction 

Size-specification portion of an instruction 
designating the number of bits in R to be 
operated upon. 

Sample Clock 

Status Change Character 

Sample Clock Oscillator 

Functionally unassigned words with predetermined 
locations in core storage. 

Send/Receive 

Storage-to-Storage Data Transfer Instructions 

Special Sending Delay Character 

Synchronous Transmitter-Receiver 

Microsecond 

Address Portion of an Instruction 

Effective Address 

Indirect Address 
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ASSEMBLY OF CHARACTERS 



Messages from the network enter the 7750 via one 
of several types of channel adapters. These adapters 
perform a variety of functions. One type, the multi- 
plexing channel adapter (MCA) time -multiplexes a 
number of low-speed communications adapters into 
one high-speed information channel. It does this by 
a process of scanning and storing the results in a 
small core buffer. The high-speed adapter (HSA2) 
receives its information from an FM modem. All 
adapters communicate with control storage by means 
of the adapter control interface. 



7750, and two channel words for each full-duplex 
channel, one word for the receive portion of the 
full-duplex channel and one word for the transmit 
portion of the full-duplex channel. These channel 
words completely control the action of the associated 
communications channel. The general channel word 
format Is: 



Address 


Control Area 


Char 

Assembly 

Area 


P* 



47 
♦Parity Bit 



32 31 



12 11 



Adapter Control Interface 

The adapter control interface connects the channel 
adapters to the control storage data register. This 
interface contains 19 lines. Each adapter is 
connected in parallel to these 19 lines, and a 16- 
position scanner selects a particular adapter at a 
given time. When an adapter is selected, informa- 
tion is transmitted on all 19 lines at once. The 
scanner does the selecting. The scanner is timed 
sequentially; there is no addressing of the scanner. 
Three types of information pass across the inter- 
face: data, control information, and address. 
Channel adapters only receive and pass on bits; they 
do not assemble characters. Therefore, data are 
transferred serially, one bit at a time, across this 
interface, together with control information. Ad- 
dress information is transferred from the adapters 
to control storage, each adapter having one or more 
control storage locations associated with it. Be- 
sides information transfer, the interface also in- 
dicates to an adapter whether it should be in send 
or receive status, or indicates to control storage 
when some type of error has occurred in the 
adapters. The adapter control interface is con- 
trolled by a channel word in control storage. 

Channel Word 



The control storE^e operates alternately on scan 
cycles and process cycles. The process cycle is 
devoted to message processing and is discussed 
later. The scan cycle is devoted to receiving bits 
from or transmitting bits to the channel adapters. 
During scan cycles, channel words are read from 
control storage. These channel words have pre- 
assigned positions in core storage. The address of 
a channel word is generated in the channel adapter 
selected by the 16 -position scanner in the adapter 
control interface. There is at least one channel 
word for each half -duplex channel connected to the 



The channel word has three major functions: It 
serves as the assembly area in which bits are as- 
sembled into characters, directs the assembled 
character into the proper queue, and controls the 
communications channel. 

The assembly of bits into characters is done in 
one 11-bit field of the 48-bit channel word. Char- 
acter length may be any number of bits from two to 
11 for start-stop type of transmission, and from one 
to 11 for synchronous transmission. As this as- 
sembly field is a shift register, bits are accepted one 
at a time and shifted until a complete character has 
been received. During transmission, acomplete- 
character is put into the assembly area and shifted 
out one bit at a time. The character length and bit 
count control fields are associated with the char- 
acter assembly field. The character length is a 
four-bit field used to indicate the size of the char- 
acter being received or transmitted over this par- 
ticular channel. The bit count is a four-bit field 
which may be used to indicate how many bits of a 
given character have been received or transmitted. 

The use of these fields differs somewhat in start- 
stop and synchronous transmission; their exact usage 
is explained in the "Detailed Description" section. 
As an example, consider the reception of a syn- 
chronous transmission that uses six-bit characters. 
The character length is set to 6 by the program, and 
the bit count advances every time a bit is received. 
Every time the bit count equals the character length, 
a complete character has been received. Three 
fields, the character assembly field, the character 
length, and the bit count, working in conjunction 
with one another, allow the reception and trans- 
mission of variable-length characters, one bit at a 
time. Within one message, all characters must 
have the same length. 

When the character has been assembled, it must 
be directed into the proper queue in process storage. 
Another field in the channel word contains a 16 -bit 
address. This is the address in process storage of 



the next character to be sent or received. The as- 
sembled character is stored at this location in pro- 
cess storage. Sixteen bits are sufficient to refer to 
65, 536 locations. Each word in process storage may 
be divided into four fields; the address in the channel 
word is sufficient to specify any of them. When the 
character is complete, it is immediately put into 
process storage, regardless of what else may be 
going on in the machine. This process of trans- 
ferring a complete character from the channel 
word to the process storage is called character 
interrupt, and is done automatically without pro- 
gram intervention. After a character has been 
transferred to process storage, the 16-bit address 
in the channel word is automatically incremented by 
one. When transmitting, the reverse procedure 
takes place. Characters are transferred from pro- 
cess storage into the character assembly field of the 
channel word, and the address in the channel word 
is incremented. 

The third function of the channel word is to con- 
trol the communications channels. Bits 12 through 
31 in the channel word are used for this purpose. 
These bits perform such functions as indicating 
whether a channel is in send or receive status, 
whether the start-stop or synchronous mode of 
transmission is being used, whether the initial 
synchronization pattern has been found or whether 
the eliaimei should be searching lor this pattern, and 
whether the 7750 is waiting for a response on this 
channel. The use of these bits in the channel word 
is further explained in the "Detailed Description" 
section. 

By" assigning these functions to the channel word, 
and by having at least one channel word per com- 
munications channel, it is possible to have every 
channel operating in a different fashion, usirg dif- 
ferent character lengths and different methods of 
transmission, and still maintain control over the 
channel by accessing the proper word. The time- 
shared, control storage data register is the only 
control register required. Thus, the channel word 
method provides an economical means of channel 
control and of character assembly. 

Types of Instructions 

Although instruction formats are discussed in detail 
later, it is helpful to the understanding of queue for- 
mation to know that there are four types of instruc- 
tions to the 7750: 

1. Character Manipulation; An example of this type 
of instruction is LOD Zll POLLWD. This would 
mean, essentially: load a character into a certain 
Z register to identify the terminal to be polled. 



2. Address and Limit-Moving. An example of this 
type of instruction is: GTL POLLWD. This means: 
get the limit portion of the word called POLLWD, a 
word in process storage. This limit portion goes 
into the operational address register, where the 
next instruction does something with it. The next 
instruction might be a put instruction, moving the 
limit portion to some part of another word, 

3. Storage to Storage. This type of instruction deals 
with two word locations, one in process storage and 
one in control storage. An example would be: 
MWC 27 POLLWD. This means: move to control 
storage channel word 27, the polling word (in pro- 
cess storage at the symbolic location called POLLWD). 

4. Control. An example of this type of instruction 
would be: BRZ Yll ZEROS, meaning: branch to a 
subroutine called zeros if register Y is all zeros 
(a likely test for the end of a chain of blocks). 

Queue Formation 

When characters have been assembled in channel 
words, they are automatically transferred into a 
queue in process storage. The formation and main- 
tenance of these queues is one of the most important 
tasks performed by the 7750. A large portion of 
process storage may be occupied with such queues 
because there will be an incoming queue for every 
channel receiving information from a communications 
terminal, an outgoing queue for every channel trans- 
mitting information to a terminal, a queue of informa- 
tion for the computer, and a queue of information 
coming from the computer. If process storage is to 
be used efficiently, a good system for assigning 
queuing space must be used. 

Many methods of memory space assignment are 
possible. For example, a fixed block of storage can 
be assigned to each channel for its queuing space. 
This is a relatively inflexible and inefficient method 
of storage allocation. The storage space required 
for the queue may overflow the fixed amount of 
space available, or, only use a small fraction of the 
space. The problem is made more severe because 
message ler^ths are not restricted or in any way 
controlled. The 7750 therefore assigns its memory 
space for queues by the process of chaining. 

Chaining consists of associatii^ a sufficient 
number of pieces of storage space to make enough 
storage locations available to perform a given job. 
For chaining, process storage is broken into blocks. 
Each block consists of eight words. Each word is 
broken into four fields of 11 bits. Therefore, 32 
characters may potentially be stored in each block. 
The 32nd storage location in each block is reserved 
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for a special character, called the block-control 
character. Each block has a starting address whose 
five low-order bits are all zeros. Because there 
are 32 characters per block, an ending address is 
one whose five low-order bits are all ones. 

The block-control character is the 11 high-order 
bits of the starting address of the next block in the 
chain and is the means by which the blocks are 
chained together. For example, four blocks can be 
arbitrarily labeled A, B, C, and D. Figure 2 shows 
these blocks with their starting addresses. Figure 3 
shows these blocks chained together , the order of 
the chain being C-A-B-D. They are chained because 
the block-control character in block C is composed 
of the eleven high-order bits of the starting address 
of block A; the block-control character in block A 
is composed of the 11 high-order bits of the startii^ 
address at block B, and so on. By means of chain- 
ing, small pieces of storage have been effectively 
assembled into a larger portion of storage. The 
blocks which make up the chain are not necessarily 
continuous in storage. These blocks may be physi- 
cally located almost anywhere within process stor- 
age; through chaining, they act as a continuous seg- 
ment of storage. 

To make this process work, a certain amount of 
bookkeeping is required. The following is one 
method that may be used: First, chain together all 
the unused blocks of storage. Then maintain as 
records two addresses, Al, the starting address of 
the first empty block in the chain, and A2, the ad- 
dress of the block-control character in the last empty 
block in the chain. Suppose that a message queue 
has filled its chain and that another block is required. 
The 11 high-order bits of the starting address of the 
next block are put into the block-control character 
of the last block in the message queue and the first 
empty block from the chain of empty blocks is at- 
tached to the message queue. As this block is 
chained to the rest of the empty bioCKS , its uiOCK- 
control character is the starting address, A3, of the 
next empty block in the chain. Now A3 should be 
stored in the location which formerly held Al, be- 
cause A3 is now the starting address of the first 
block in the chain of empty blocks. Thus, the proc- 
ess can be repeated. 

When blocks become empty, they must be returned 
to the chain of empty blocks. Suppose that A4 is the 
starting address of an empty block which is to be re- 
turned to the chain of empty blocks. A4 is then 
written at the address specified by A2, That is, A4 
is written as the block-control character of the last 
block in the chain of empty blocks. The block whose 
starting address is A4 is now connected to the end of 
the chain of empty blocks. To complete the process, 
A5, the address of the block-control character of 



this block, is now written in the location at which 
A2 was stored. 

After both these operations have been completed, 
a block has been removed from the front of the chain 
of empty blocks , a block has been added to the end of 
the chain of empty blocks, and the addresses A3 and 
A5 have been stored. These addresses are again the 
starting address of the first empty block in the chain 
of empty blocks and the address of the block-control 
character of the last block in the chain of empty 
blocks. 

In the 7750, the chaining process is done under 
program control. When a particular channel requires 
more storage space for its queue, the channel service 
program is automatically brought into operation. The 
need for this program is sensed by noting when the 
five low -order bits of the address contained in the 
channel word are all ones. This indicates that the 
end of a block has been reached and that channel ser- 
vice is necessary to assign a new block to the chain. 
Thus far, characters have been assembled and put 
into queues in process storage. They will next be 
processed in some way before being sent on to the 
computer. 



MODE SYSTEM OF INTERRUPTS 

The 7750 works in an essentially uncontrolled en- 
vironment. In many applications, the 7750 cannot 
dictate when messages will occur on the communica- 
tions network, or what the lei^th of these messages 
will be. Communication from the associated com- 
puter may take place at random intervals. There- 
fore, the 7750 is equipped with a very flexible 
interrupt system so that it may quickly and auto- 
matically switch from one program to another when 
various conditions require immediate attention. 
This interrupt system has several levels. An 
interrupt may interrupt an interrupt, and so on. 
Priorities are assigned to various classes of inter- 
rupts so that the machine can decide which interrupt 
to execute. There are six such classes (or modes) 
of priorities in the 7750. These modes, listed in 
order of decreasing priority, are: 

1. Service 4. Out 

2. Channel Service 5. In 

3. Copy 6. Normal 

At the end of every machine cycle, the mode cir- 
cuitry is examined to determine what modes are 
requested. The machine will then go into the re- 
quested mode with the highest priority and execute 
the programs associated with that mode. Requests 
for a mode are stored in the mode request register. 
This register maintains the requests until they can 
be serviced. 
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Changes in mode can be made without any special 
preparation on the part of the programmer. It is 
not necessary to write a number of housekeeping 
programs to change modes. Instead, the 7750 stores 
ail working registers and the instruction counter at 
the end of every machine cycle. Instruction counters 
are stored in control storage in a special format 
called the process word, or P word. This word 
contains three workii^ registers as well as the 
instruction counter. There is one P word for each 
mode. Therefore, to change modes it is only nec- 
essary to access a different P word in control stor- 
age. The instruction counter in this P word will 
then address the programs associated with the new 
mode. 



METHODS OF PROCESSING 

The 7750 processes messages in real time, in a 
wide variety of formats, character sizes, and codes. 
Methods of processii^ must be extremely flexible 
to meet the diverse requirements. Therefore, table 
look-up is the fundamental processing technique. 

Table look-up is used for many purposes in a 
typical 7750 program including code translations. 
Any code of up to 11 bits per character may be 
readily translated into any other arbitrary code of 
up to 11 bits per character. All shifts are per- 
formed by using shift tables. There is no shift 
instruction. Arithmetic operations are performed 
by means of multiple table look-ups. Perhaps the 
most important use of this technique is to control 
the operation of the normal mode program. 

As an example of how the program may be con- 
trolled by table look-up, consider a telegraph poll- 
ing system in which five programs may be required. 
These programs are: polling, sending data, answer 
back, header processing, and message processing. 
Assume there are 20 telegraph channels connected 
to the 7750. Each channel will require these pro- 
grams in an unpredictable sequence. A technique 
for handling this situation requires the use of a 
program branching table and the assignment of a 
unique identification number, called a channel 
number, to each communications channel. The 
7750 then uses the channel number to address the 
program branching table. The program branching 
table will then cause the program to branch to the 
correct prc^rams. The last action any one of the 
programs performs is to update the relevant entry 
in the program branching table so that the next 
time the table is addressed by the channel number, 
the proper program will be selected. 

Certain features of the instruction set permit 
table look-up operations to be performed easily. 



These features are an address modification method 
and a register and size specification method. Each 
method is described below. 

The 7750 is a single address machine. In many 
instructions, this address can be modified by means 
of information specified in the instruction. Two 
fields in an instruction, the M field and the L field, 
specify this modification. The M field specifies 
a particular register, and the L field specifies from 
zero to 11 low-order bits in that register. These 
bits then replace the L low-order bits in the address 
before the instruction is executed. 

The 7750 is a binary machine. Therefore, it is 
most convenient to refer to the addresses in octal 
notation. The general format of the instruction word 
is: 



Address (W) 




R 


S 




M 


L 




P 


Op 
Code 


P 



47 



32 29 27 26 23 20 1817 14 1110 



Notes: 

1. The P in the 11th bit position stands for a bit 
that satisfies a special parity requirement for the 
operation code and bits 12 and 13 only. The P at 
the right-most position of the word is the parity bit 
for the whole instruction. 

2. Bits 12 and 13 are discussed later. Briefly, 
a bit in the 12th position decrements the Z register 
by one before execution of the instruction; a bit in 
the 13th position prevents mode change, 

3. Bits 21, 22, 30, and 31 are not used in the 
instruction word. 

4. The following is a resume of the sjonbols used 
in the instruction word: 

W — address (of the character in core storage to 

be operated upon) 
R — register (to be used in the operation) 
S — size (the number of bits involved in the 

operation) 
M ~ modification register (address of one of the 
seven registers whose bits are to replace the 
W portion) 
L — length (the number of low-order bits in M 
that are to replace an equal number or low- 
order bits in W) 
P — parity bit (both of which are described in 

note 1) 
Consider as an example an instruction containing 
the address (34651-1)8, where M specifies the Y 
register, and L equals 5. The address consists of 
the 14-bit word address (34651) plus a two-bit 
character address. Assume the contents of the Y 
register to be (3732)8- The instruction would then 
be executed as though the address it contained 
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were (34656-2)g; that is, five low-order bits of the 
Y register have replaced the five low-order bits in 
the instruction, namely the two-bit character ad- 
dress and three bits of the word address. 

The register and size feature of the 7750 instruc- 
tion set allows the results of many machine instruc- 
tions to be placed in one of seven addressable regis- 
ters. The particular register to be used may be 
selected by setting the proper bits in the R field of 
the instruction. The number of bits which are to be 
loaded into the specified register may also be varied 
by setting the S field of the instruction. This 
feature allows the programmer the option of loading 
from zero to 11 bits into the specified register. 

The combined use of the register and size feature, 
and the address modification method allow a table 
look-up to be performed in one instruction, with the 
final result stored in a designated register. 

Other useful features in the instruction set include 
the ability to perform most instructions with an in- 
direct address, the ability to complement the oper- 
ands in an instruction, and the ability to increment 
the address of the process stor^e word address by 
the instruction. Indirect addressing, complementing, 
and incrementing may be done individually, or they 
may be done in combination when executing most 
instructions. 

The instruction set makes message processing 
more efficient. The program operates upon char- 
acters and messages which have been automatically 
stored in the process storage. There will be one 
queue of data to be processed for each receiving 
communications channel, and one queue of data to be 
processed from the computer. The program processes 
the contents of these queues, character by character, 
and places the results in other queues. Some of 
these queues will be transmitted back into the 
communications network, and one queue will be 



transmitted to the computer. Thus, information has 
been acquired from the communications network, 
processed, and is now in the format which the asso- 
ciated computer requires. 



INFORMATION TRANSFER 

The 7750 connects to a host computer through a read 
bus (nine data lines), a write bus (another nine data 
lines), and a number of control lines to the proper 
data channel. The 7750 can be connected to the IBM 
1410, 7010, 7040, 7044, 7070, 7074, 7080, 7090, 
and 7094 Data Processing Systems. 

The 7750 operates in three modes to service the 
computer. These modes are: in, out, and copy. The 
in mode is used to prepare the 7750 for receipt of 
information from the computer. The control lines are 
examined, and the proper responses are made. The 
in mode program prepares a chain of storage for the 
incoming information and sets up the proper control 
word so that the 7750 can determine when all the in- 
formation has been received from the computer. The 
out mode prepares the 7750 for the transmission of 
information to the computer. Its mode program sets 
the proper signal to inform the computer that the 7750 
has information to transmit. In addition, this mode 
program also prepares the queue of outgoing informa- 
tion and sets up a control word so that the 7750 can 
determine when all information has been sent to the 
computer. 

The actual transfer of information takes place in 
copy mode, which has no program. Information is 
transferred one character at a time, using a request 
and response system. The copy-mode process 
word (prepared in the in or out mode) specifies the 
area in process storage to contain the message. 



IBM 7750 Programmed Transmission Control 
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DETAILED DESCRIPTION 



PROCESS STORAGE 



CONTROL STORAGE 



The IBM 7750 Process Storage is a magnetic core 
storage available in three sizes: 4,096 words, 
8, 192 words, 16,384 words. Each word contains 
48 bits, including one parity bit. 



Process Storage Word Formats 

The contents of a word in process storage may be 
arrai^ed in several ways, depending on its intended 
use. Figure 4 shows the word format for data words, 
instruction words, and limit words. Note that pro- 
cess storage words are words that are in process 
storage while process words (described later) are 
located in control storage. Both types of words are 
shown in Figure 4. 

Data Word: The DWD is made up of four 11-bit 
registers: A, occupying bit positions 47 through 37; 
B, occupying bit positions 33 through 23; C, occu- 
pying bit positions 22 through 12; and D, occupying 
bit positions 11 through 1. Bit positions 36 through 
34 are not used. Bit position P is the parity bit for 
the entire word. 

Instruction Word: The IWD contains a ten-bit opera- 



tion code in bit positions 1 through 10 , an Op code 
parity in bit position 11, a two-bit flag field in bit 
positions 12 and 13, a four-bit L field in bit positions 
14 through 17, a three-bit M field in bit positions 18 
through 20, a four-bit S field in bit positions 23 
through 26, a three-bit R field in bit positions 27 
through 29, and a 16-bit address in bit positions 32 
through 47 (low order in position 32). Bit position 
P is a parity bit for the word; bits 21, 22, 30 and 
31 are not used. 

Limit Word: The LWD, shown in Figure 4, contains 
a 16-bit address in the normal address portion of 
the word (W). The address occupies bit positions 32 
through 47 of the word. In addition, the word con- 
tains a limit of 16 bits which fill bit positions 12 
through 27. The five high-order bits of the limit 
occupy bit positions 23 through 27 (the five low- 
order positions of the B field in the data word) ; the 
11 low-order bits of the limit field occupy positions 
corresponding to the data -word C field. 



The IBM 7750 Control Storage is a magnetic core 
storage with a capacity of 128 words. Each word 
has 48 bits, including one parity bit. 

The control storage operates on alternate scan 
and process cycles of 11 microseconds and 17 micro- 
seconds, respectively. The scan cycle contains 
four microseconds for manipulation of the data word 
between read and write, and the process cycle con- 
tains ten microseconds for manipulation time. 

Data are entered into and read out of the control 
storage by use of the control storage data register 
(CSDR). 



Control Storage Data Register 

The CSDR is a 48-bit register that holds the word to 
be read out of, or to be written into, storage. (See 
Figure 4. ) The control circuits for this register en- 
able it to be used as: 

(1) A single 48-bit register. 

(2) Four independent registers: X, Y, and Z, 
(11 bits each), and instruction counter (14 
bits). See Figure 4, General Process Word. 

(3) Three independent registers: Z (11 bits), an 
operational address register (16 bits), and 
an address register (16 bits). See Figure 4, 
Process Word for Address and Limit- 
Moving Instruction. 

The Z register is a count -down counter which may 
be decremented under program control. 



Control Storage Word Formats 

The control-storage word will be arranged in one of 
four ways, depending on its intended use (See Fig- 
ure 4). 



Channel Word: The CWD is divided into fields as 
shown in Table I 
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. prcx;ess storage words 



Word Bit- Positions 

47 46 4S 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 IP 



Address-W 
Field Bit Positions 
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



Not 
Used 



5 4 3 2 1 



Limit 
16 15 14 13 12 11 10 9 8 7 6 



11 10 987654321 



Limit Word--LWD 



47 37 




33 23 22 12 11 1 


P 


A 
11 10 987654321 


Not 
Used 


B C 
11 10 987654321 11 10 987654321 


D 
11 10 987654321 


i 



Data Word— DWD 



47 32 3130 29 27 26 23 22 2120 18 17 14 13 12 11 1 


P 




Not 






Not 






O 


>- 


>. 


Address-W 


Used 
(Note 


R 


S 


Used 


M 


L 


s 


£ OP Code 
O 


i 


16 IS 14 13 12 11 10 9 8 7 6 5 4 3 2 1 


1) 


3 2 1 


4 3 2 1 




3 2 1 


4 3 2 1 


2 1 


10 987654321 





Instruction Word — IWD 



CONTROL STORAGE WORDS ■ 



47 



34 33 32 31 30 27 26 23 22 20 19 



15 14 13 12 11 



1 P 



Address-W 
14 13 12 11 10 9 8 7 6 5 4 3 2 1 



A B C 



D 



Control Area 
2 1| 1|4 3 2 1|4 3 2 l|3 2 1 |s 4 3 2 iJb 2 1 



114 3 2 ija 



Assembly Area - H 



11 10 9 8 7 6 S 4 3 2 1 



Channel Word- -C WD 



47 34 33 


23 22 12 11 1 


P 


Instruction Counter 
14 13 12 11 10 9 8 7 6 5 4 3 2 1 


11 10 


X Register 
987654321 


Y Register 
11 10 987654321 


Z Register 
11 10 987654321 





47 



34 33 32 31 



General Process Word--PWD 
28 27 23 22 



12 11 



1 P 



Instruction Counter 
14 13 12 11 10 9 8 7 6 5 4 3 2 1 



Not 
Used 



Not 
Used 
(Note 2) 



~ 



Operational Address Register- OAR 



I 



5 4 3 2 1 |16 15 14 13 12 11 10 9 8 7 6 



Z Register 
11 10 9876543 



2 1 



47 



Process Word for Address and Limit Moving Instruction 
32 31 28 27 23 22 12 11 



1 P 



Address-W 
16 15 14 13 12 1110 9 8 7 6 5 4 3 2 I 



Not 
Used 



Limit 



5 4 3 2 1 |16 15 14 13 12 11 10 9 8 7 6 



Z Register 
11 10 9876543 



2 1 



Copy Mode Process Word 



Note 1: Bits 23-33 are used as a masl< in the branch-test instruction. 
Note 2: This not-used portion (bits 28-31) must contain bits. 

Figure 4. IBM 7750 Word Formats 



Dccaileil Description IS 



Field 



CSDR Position No. 



w - 


Word Address 


47-34 


A - 


Character Address 


33-32 


B- 


Last Timing Bit 


31 


C - 


Character Length 


30-27 


D - 


Status- Micro* 


26-23 


E - 


Action* 


22-20 


F - 


Character Control 


19-15 


G - 


Status- Macro** 


14-12 


H - 


Assembly /Distribution 


11-1 


P- 


Word Parity 


P 



Process Word: For all modes except the copy mode, 
the PWD will have one of the following interpretations: 



Field Name No. of Bits 


Position 


Instruction Counter 14 


47-34 


X 11 


33-23 


Y 11 


22-12 


Z 11 


11- 1 


Word Parity 1 


P 



or 



♦Includes; 

For Start-Stop Transmission (Send or Receive) 



Bit No. 
26 

25 

24 
23 
22-20 



Use 
Not- hold (0 to stop receiving on the channel, 

1 to permit scanning) 
Delay (to permit carriage return or other 

delays. Field H contains the length 
of delay, in bit times. ) 
Fractional Sampling (to lengthen last stop 

bit) 
Data transfer check (echos the last data bit 

transferred) 
Always zeros 



For Synchronous Transmission (Send) 



Bit No. 
26-23 



22-20 



Use 



Extended assembly area, when loolcing for 
character synchronization. C3therwise, the 
same as for synchronous-receive. 
Always zeros 



For Synchronous Transmission (Receive) 



Bit No. 

26-25 

24 

23 

22-20 



Use 
Always zeros 
On to indicate not-error 
Data transfer check 
Always zeros 



Field Name No. 


of Bits 


Position 


Instruction Counter 


14 


47-34 


Operational Address 






Register 


16 


27-12 


Z 


11 


11- 1 


Word Parity 


1 


P 



The second interpretation is used only with the 
address- and limit-moving instructions. 

Copy Mode Process Word: During the process cycle 
of the copy mode, the control storage data register 
is interpreted as follows: 



Field Name 


No. 


of Bits 


Position 


Address 




16 


47-32 


Limit 




16 


27-12 


Z 




11 


11- 1 


Word Parity 




1 


P 



REGISTERS 



**lncludes: 

For Any Transmission Activity 

Bit No. 



Use 



14 


1 for synchronous transmission 




for start-stop transmission 


13 


1 for no error) for start-stop transmission, 




for error ) See note. 


12 


1 for send 




for receive 



Note: See "Slave-Master Control" under "Type 2 High-Speed 
Channel Adapter" for use of this bit in synchronous transmission. 

Table 1. Channel Word Bits 



Registers are temporary storage devices. They 
may be divided into two general types: addressable 
and non-addressable. Addressable registers can be 
addressed by the stored program, that is, an ad- 
dressable register may be loaded, set, or request- 
ed by the programmer. Non-addressable registers 
cannot be addressed by the stored program. They 
are set and reset automatically at the proper time. 
Figure 5 shows the registers of the 7750. 

Non-Addressable Registers 

Although these registers cannot be manipulated 
directly by programming, their function affects bits 
in words that are used by programming. 
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Instruction Register 



77S0 Process 
Control Channels 



o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 



LEGEND 

cs 

CSAR 

CSR 

CSDR 

F 

IFCR 

IFDR 

L 

M 

MRR 

Figure 5, 



Channel Scan 
Register 



uuu 



n 



CSAR 



MSR 



OP 


F 


R 


S 


M 


L 



Decoder 



Decoder 

=11 — 



S 



CSR 



MRR 



CS 



-xU* r^ 



Channel Scanner 



-[ 



^^- 



CSDR 



A 



Word Bus 



Character Bus 



PSAR 2 



Gates 



IFCR 



r^' 



PSAR 1 



> 



IFDR 



PSDR 



Address Bus 



PS ADR DEC 



PS 



Control Storage 

Control Storage Address Register 

Channel Service Register 

Control Storage Data Register 

Flag Bits 

Interface Control Register 

Interface Data Register 

Length-of-Modification Field 

Modifier Field 

Mode Request Register 

IBM 7750 Process Control Registers 



MSR 


Mode Select Register 


OP 


Operation Code 


PS 


Process Storage 


PS-ADR 
DEC 


Process-Storage Address Decoder 


PSAR 1 


Process Storage Address Register 1 


PSAR 2 


Process Storage Address Register 2 


PSDR 


Process Storage Data Register 


R 


Register Field (of Character to be 




Operated Upon) 


S 


Size Field (No. of Bits in R to be 




Operated Upon) 
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Instruction Register : The instruction register is a 
26 -bit register that holds all of the instruction being 
executed, except the address. The first ten bit 
positions contain the operation code, the next two 
bit positions contain the flag bits, the last 14 bits 
contain the R, S, M, and L fields. 

Mode Status Register: The mode status register is 
a five-bit-position register. Before the execution 
of each instruction, this register selects the bit 
associated with the highest priority mode from the 
priority requests contained in the mode request 
register. At any one time, the mode status register 
may contain only one bit (a logical one) to indicate 
the highest priority mode selected. If this register 
contains no logical one, the 7750 is operating in 
normal mode. 

Process Storage Address Register 1: The process 
storage address register 1 (PSAR 1) contains the 
current address for addressing the process storage. 
Address modification takes place as the address is 
set into this register from the process address 
register 2 (PSAR 2). This register can hold 16 bits; 
14 bits are used to address the correct word in stor- 
age, and two bits are used to specify a particular 
character (0, 1, 2, or 3) within a four-character 
word. 

Process Storage Address Register 2: The process 
storage address register 2 (PSAR 2) temporarily 
stores a 16-bit address from the process storage 
data register or control storage data register. The 
address is transferred to the PSAR 1 when it is used 
to address the process storage. 

Control Storage Address Register: The control stor- 
^e address register (CSAR) contains the current 
address for addressing a channel word or process 
word in control storage. 

Addressable Registers 

Process Storage Data Register: The process storage 
data register is a 48-bit register that holds the word 
read from, or to be written into, process storage. 
This register can conform to any one of the three 
word formats in the process storage: the data word 
format, the limit word format, or the instruction word 
format. 

Control Storage Data Register: The control storage 
data register is a 48-bit register that holds the word 
read from, or to be written into, the control storage. 
This register can conform to any one of the follow- 
ing word formats: channel word, process word, copy 



mode process word, and scratch word (for optional 
use by the programmer). 

Channel Service Register : The channel service 
register enables a channel requiring new storage 
space to identify itself to the channel service pro- 
gram. This register has seven bit positions to hold 
the channel address. When channel service is obtain- 
ed during a character interrupt or a scan cycle, the 
channel service register is automatically set with the 
address of the channel needing service. 

During the execution of storage-to-storage instruc- 
tions while in channel service mode, the 7750 trans- 
fers the contents of the channel service register to 
the control storage address register to address 
control storage. This transfer is automatically 
done on the second process cycle of a two-cycle 
instruction that refers to the control storage while 
the machine is in channel service mode. 

The four high-order bits, 11-8, are used to in- 
dicate certain errors to the program. These errors 
will be discussed in a later section of this manual. 
The programmer can unload or test bits in the 
channel service register. He cannot load the regis- 
ter. If a load instruction is executed, bits 11-8 will 
be reset to zero and bits 7-1 will remain unchanged. 

Interface Data Register : The interface data register 
is a nine-bit-position register (eight bits plus one 
parity bit) which enables the 7750 to communicate 
with a computer. This register may be automatic- 
ally loaded or its contents stored under program 
control. It may also be loaded or its contents 
automatically stored when data are transferred to 
or from the associated computer. 

Interlace Control Register: The interface control 
register, an 11-bit position register (Figure 6), con- 
trols the data flow between the IBM 7750 and theas- 

its contents stored or modified under program con- 
trol. Most of these bits may be set or reset auto- 
matically when the 7750 is transferring data to or 
from the associated computer. See Table II for 
meaning of the bits in the register. 

Mode Request Register : The mode request register 
is a five-bit register that holds requests for 
priority mode service (Figure 7). The 7750 re- 
quests a certain mode by turning on the bit position 
associated with that mode in the mode request 
register. If more than one mode is requested, the 
7750 will always select the highest mode first. If 
no mode is requested, the 7750 will execute the 
normal mode program. To leave a mode and go to 
a lower mode, the bit in the MRR corresponding to 
the higher mode must be turned off. 
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Bit No. 



Name 



Turned On (to 1 ) by: 



Turned Off (to 0) by: 



11 Service Response Host computer as it responds to a 

request. 
10 Service Request 7750 copy- mode controls (automatic) -. 

9 Interface Reset Host computer when that computer is ._ 

reset either manually or by program. 
(Whenever this bit is on, all other bits 
in this register go to and remain so 
until this bit goes off. ) 

8 Load 7750 program, or Operator's pressing _ . 

Load key. 

7 Attention 7750 program 



6 Control Host computer program 

5 Sense Host computer program 

4 Stop Automatic stop signal from host 

computer. At end of transmission 
from computer, it should be on. 
3 End The 7750 program at the end of error- 
free transmission. 

2 Unusual End The 7750 program, upon sensing an _ _ 

error in the 7750 or transmission line 

1 End Response Automatically by an end- response - - - 

signal from the host computer 



7750 copy mode controls (automatic) 

Service response (automatic) 
7750 Programming: AND to the IFCR, 
with a in the 9- bit position of the 
image character 



_ 7750 program 

. Receipt of automatic attention- response 

from host computer 

7750 program 
, 7750 program 
. 7750 program 



- Receipt of automatic end- response 
from host computer 
Receipt of automatic end-iesponse 
from host computer 
7750 program 



NOTES: 
1. 



4. 



AU of these bits can be turned on or off by 77S0 programming, though in some cases, this would only be done for diagnostic 

programming. 

To program bits 9, 10, and 11, use AND instmctioii with a in the corresponding position of the image word to program the bit 

OFF, and 1 to leave it ON. To program one of these bits ON, use a LOD or lOR instruction with a 1 in the corresponding position. 

One way to program the other bits is to use a load instmction with a in the corresponding position of the image word to program 

the bit OFF, and 1 to program it ON. 

All of these bits can be set OFF by manually pressing the reset key on the 7750. 



Table II. Interface Control Register Bits 



Service 
Response 

11 


Service 
Request 

10 


Interface 
Reset 

9 


Load 

8 


Attention 
7 


Control 
6 


Sense 
5 


Stop 
4 


End 
3 


Unusual 

End 

2 


End 
Response 

1 



Figure 6. Interface Control Register 



In 



Out 



Copy 



Channel 
Service 



Service 



Increasing Priority 
Figure 7. Mode Request Register 
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TIMING 

The basic machine cycle of the 7750 is 28 micro- 
seconds. Most 7750 instructions are one-cycie in- 
structions. Two-cycle instructions, which require 
56 microseconds for execution, are the instructions 
used for indirect addressing and storage-to-storage 
data manipulations. An exeception is branch indirect, 
which is one cycle. 

For control storage operations, the basic machine 
cycle is divided into two storage cycles, scan and 
process, which are 11 and 17 microseconds long, 
respectively. During 7750 operation, the control 
storage goes through alternate cycles during which 
it performs the following operations: 

1. Services one of the channels, assembling bits 
until a character has been accumulated, or sending 
bits until a complete character has been sent. 

2, Provides the operational registers for the 
process storage to execute the instructions. 

For process storage operations, the basic machine 
cycle is also divided into two cycles. These two 
cycles, the instruction cycle and the execute cycle, 
alternate and are 12 and 16 microseconds long, 
respectively. During an instruction cycle, the 7750 
obtains an instruction; during the execute cycle, it 
executes the instruction. 

The control storage and the process storage cycles 
overlap, allowing the information in either cycle of 
either storage to influence the operation of the other. 
In one machine cycle, the process storage goes 
through an instruction cycle and an execute cycle, 
while the control storage goes through a scaii cycle 
and a process cycle. Because the process cycle of 
the control storage is 17 microseconds long, it 
overlaps the instruction and execute cycles of the 
process storage. 

Clock Phases 



The 7750 clock is composed of a 28-stage ring 
driven at a one megacycle rate. The clock cycles 
are divided into six phases, as shown in Figure 8. 
Four phases are used for single-cycle instructions, 
and all six are used for two-cycle instructions. Dur- 
ing phase 1, the 7750 brings out an instruction from 
process storage, places it in the instruction register, 
and decodes it. During phase 2, the address con- 
tained in the instruction word is placed in PSAR 2. 
Later in phase 2, if there is no address modifica- 
tion, the address in PSAR 2 is transferred to 
PSAR 1 to address the process storage at the be- 
ginning of the execute cycle. If there is address 
modification, the 11 low-order bits of the address 
are modified as the address is transferred from 



PSAR 2 to PSAR 1. The location and length of the 
modifier is given by the M.and L fields of the in- 
struction word. Modification is accomplished by 
replacing the L low-order bits of the address with 
L low-order bits from the register specified by the M 
field. The modified address is used to address the 
process storage at the beginning of the execute 
cycle. Because phase 2 is used to test S low-order 
bits of register R for zeros or ones to determine 
if the branch takes place, address modification can- 
not take place during a branch on zero or a branch 
on ones instruction. The uses of phase 3 through 
phase 6 are determined by the types of instruction 
being executed. 



One- Cycle Instructions 

During phase 1, the 7750 brings out an instruction 
from process storage, places this instruction in the 
instruction register, and decodes it (Figure 8). At 
the beginning of phase 2, the address contained in 
this instruction is placed in PSAR 2, then moved into 
PSAR 1 for addressing process storage. At the end 
of phase 2 , the instruction counter is incremented to 
address the next instruction at the beginning of the 
next machine cycle. If the instruction being executed 
is a skip type of instruction (where , under certain 
conditions, the next instruction is skipped), the in- 
struction counter will be incremented again in phase 
3. The use of the remainder of phase 3 and phase 4 
depends on the type of one-cycle instructions to be 
executed. 

Branch Instructions 

At the beginning of phase 2 of a non-indirect, branch 
type instruction, the address contained in the process 
storage data register is not moved to PSAR 2. There- 

-f^-v.^ 4-Un .^-H^n^i^n c^4-^-»n^n nAA-^nnf^ i^ n ^4- ^\^n-nrvf^A Tv^ 

xvjx ^ , Lii^^ l^j. >-/\_>^^oo i^L^-fA. a.^^j a,^A\A.i. ^i a a jlo iit^u ^^iicLxig^^x. x^i 

phase 3 , the address in the process storage data 
register is placed in the instruction counter of the 
process word contained in the control storage data 
register. During phase 4, the instruction counter is 
put is PSAR 2 and later moved to PSAR 1 to address 
process storage. At some time in phase 4, the 
instruction word is read back into process storage 
and the process word is read back into control stor- 
age. 

At the beginning of phase 2 of an indirect branch 
type instruction (Figure 9), the address contained in 
the process storage data register is placed in PSAR 
2. This address is then shifted from PSAR 2 to PSAR 
1. The remaining part of the cycle is used in the 
same manner as described above for non-indirect 
branch type instructions. 
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Process Storage 
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Control Storage 
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Phase 1 
Phase 2 
Phase 3 
Phase 4 
Phase 5 
Phase 6 

Increment Instruction Counter 



Increment Instruction Counter for Skip Instruction 



Instruction Counter Placed in PSAR 2 



PSDR Placed in Instruction Register 



PSDR Address Placed in PSAR 2 



PSAR 2 Shifted to PSAR 1 



Execute 



Figure 8. One Cycle Instructions 



M 



Compare-Address -to-Limit Instructions 

Durii^ phase 3 of this type of instruction, the limit 
of the process storage data register is compared 
with the address. (In a 7750 with 8K storage, the 
high-order bit is ignored. In a 4K 7750, the two 
high-order bits are ignored,) If they are identical, 
the 7750 takes the next instruction in sequence. If 
they are not identical, the instruction counter is in- 
cremented to skip the .next instruction. During phase 
4, the instruction counter is placed in PSAR 2 and 
the data registers are stored. 

Character- and Address-Moving Instructions 

During phase 3 of a character- or address-moving in- 
struction, the character or address is placed in the 



correct register, such as the operational -address 
register (OAR) or the process storage data register 
(PSDR). At the beginning of phase 4, the instruction 
counter is placed in PSAR 2 and the data registers 
are stored. 



Two-Cycle Instructions 

Some instructions require more than two process 
storage cycles for execution. Phases 1 and 2 of these 
instructions are the same as those for one-cycle in- 
structions. Phases 3 through 6 depend on the speci- 
fic instruction. 
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Process Storage 



Control Storage 
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Figure 9. Indirect Instructions Except Storage to Storage 



Indirect Instructions (Except Storage-to-Storage 
Instructions) 

During phase 3 of an indirect type instruction other 
than branch indirect (Figure 9), the address in the 
PSDR is placed into the process storage address 
register 2. During phase 4, the address is in- 
cremented, if specified in the instruction, and the 
contents of the PSDR are read back into process 
storage. Just prior to phase 5, process storage is 
read using the indirect address. During phase 5, the 
instruction is executed. Phase 5 of an indirect in- 
struction is similar to phase 3 of a non-indirect in- 



struction. During phase 6, the instruction counter 
is placed in PSAR 2, the data registers are stored, 
and PSAR 2 is shifted to address the next instruction. 

Storage-to-Storage Instructions 

Phase 3 of a storage-to-storage instruction is idle 
(Figure 10). The instruction counter is placed in 
PSAR 2 during phase 4, as it will not be available 
from the CSDR for use during phase 6. If the in- 
struction is indirect, the address of the process 
storage data register is placed in PSAR 1 at the end 
of phase 4. Since process storage has been written 
at this time, it is too late to increment the address. 
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Increment Instruction Counter 



Instruction Counter Placed in PSAR 2 



PSDR Address placed in PSAR 1 (If Indirect Inst) 



PSAR 2 Shifted in PSAR 1 



Word or Address Moved 



Figure 10. Storage Instructions 
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Therefore, there can be no indirect and increment 
storage-to-storage instructions. The appropriate 
control storage word is read out for the second pro- 
cess cycle prior to phase 5. * During phase 5, the 
address or word specified by the instruction is moved 
from one storage area to another. During phase 6, 
the data registers are stored. The instruction counter 
in PSAR 2 (placed there during phase 4) is put into 
PSAR 1 to address the next instruction. 

INSTRUCTIONS 

All 7750 instructions belong to one of four types: 



1 

2. 

3. 

4. 



Character-Manipulating Instructions - CH 
Address- and Limit-Moving Instructions - 
Storage-to-storage Data Ti'ansfer 
Instructions - SS 
Control Instructions - CT 



AL 



* In modes other than channel service, the word is addressed by the 
seven-bit R and S fields of the instruction. In channel service 
mode, it is the word addressed by the channel service register. 



The basic abbreviations of instructions- are: 



A — logical AND 

B — BRANCH 

C — COMPARE (address to limit) 

G — GET (address or limit) from process stor- 
age for the operational address register 

I — Inclusive OR (to a register) 

L — LOAD (a character into X, Y, Z, IFOR, 
IFCR, or MRR register) 

M — MOVE (a whole word) 

O — Inclusive OR (to process storage) 

P — PUT (an address from the operational ad- 
dress register into process storage) 

T — TRANSMIT (an address) 
U -- UNLOAD (a character) 
X — Exclusive OR 



The pattern into which 7750 instructions fit appears 
in Table III. 
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Indirect 






Complement 
and 


Complement 
Indirect and 








Imtiuction 


Basic 
Operation 


Indirect 


Increment 
Address 


Increment 
Address 


Complement 


Complement 
Indirect 


Increment 
Address 


Increment 
Address 


Load Character 
Unload Character 
Exclusive OR 
Inclusive OR 


LOD 
UNL 
XOR 
lOR 


inn* 

UNL* 
XOR* 
lOR* 


LOI 

XOI 
lOI 


LOI* 
UU* 
XOI* 
lOI* 


LDC 
ULC 
XOC 
IOC 


LDC* 
ULC* 

XOC* 
IOC* 


LCI 

XCI 
ICI 


LCI* 
UCI* 
XCI* 
ICI* 


OR to Process 

Storage 

AND 


ORP 
AND 


ORP* 
AND* 


ANI 


ORl* 
ANI* 


OCP 

ANC 


OCP* 
ANC* 


ACI 


OCl* 
ACI* 


Address- and Limit-Moving 


Instructions 


Limit 


Limit 
Indirect 


OR Address 


OR Address 
Indirect 


OR Umit 




Instraction 


Address 


Address 
Indirect 


OR Limit Indirect 


Get 
Put 


GTA 
PTA 


GTA* 
PTA* 


GTL 

PTL 


GTL* 
PTL* 


GOA 


GOA* 


GOL 


GOL* 



Storage-to- Storage Instmctions 



Instruction 

Transmit Address 
Move Word 

Control Instmctions 



to Process Storage 

TAP 
MWP 



to Process Storage to Control 
Indirect Storage 



TAP* 
MWP* 



TAC 
MWC 



On Zeros 



and OR to and OR to Control 
to Control Control Storage 
Storage Indirect Storage Indirect 



TAC* 
MWC* 



On Ones 



Instmction Unconditional Indirect On All Zeros Indirect On All Ones Indirect 

BRA* BRZ BRZ* BRO BRO* 



TOC 
MOC 



On Test Basic 



TOC* 
MOC* 



Increment 



Branch 
Compare 
Address to 
Litnlt 



BRA 



BRT 



CAL 



CAI 



Table III. 7750 Instiucti<»i Set 



Addressing 

The IBM 7750 is a single -address machine. Each 
instruction contains one address for addressing 
storage. However, the addressing format of this 
machine includes address modification and indirect 
addressing. 



Instruction Word Address - W 

All 7750 instructions, except BRT, contain a 16-bit 
address (W) in bit positions 47 to 32. For direct, 
unmodified character-manipulating instructions, W 



is the location, in process storage, of one of the 
characters to be manipulated. In the execution of 
the other three types of direct, unmodified instruc- 
tions, the 14 high-order bits (47-34) address the 
word to be used in the execution of the instruction. 
(Bit 47 is ignored by a 7750 with 8K stor^e. Bits 
47 and 46 are ignored on a 4K 7750. ) The two low- 
order bits of the 16 -bit address are not used be- 
cause these instructions deal with words in storage 
rather than characters. With character-moving 
instructions, however, both the word and the specific 
character (0, 1, 2, or 3) within the word must be 
specified. Therefore, the complete 16-bit address 
must be used. 
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Address Modification 

With the exception of all branch instructions other 
than branch indirect, the address W of any instruc- 
tions may be modified by specifying a non-zero 
value for the L field of the instruction word. If L 
is zero, no modification takes place. If L is non- 
zero, the M field (bits 20-18) specifies the register 
containing the modifier; L is a binary number speci- 
fying the number of bits of the modifier to be used, 
counting from the low-order end of the specified 
register. L cannot be larger than 11. The effective 
address Wg is formed in the PSARl by replacing the 
low-order L bits of W by the low -order Lbits of the 
modifier in the register specified by M. The ad- 
dress W is read back into storage as W rather than 
We because modification is done in PSAR rather 
than PSDR. Figure 11 lists the values of M and the 
register each, value specifies. 



Address- and limit-moving instructions automatic- 
ally specify the OAR because, when such instruc- 
tions are executed, the 7750 interprets the process 
word as having an OAR instead of Y and X registers. 
The OAR is composed of the Y register and five 
low-order bits of the X register. When an address 
or limit is moved into the OAR, the five low -order 
bits of the address or limit go to the five low-order 
bit positions of the X register; the 11 high-order bits 
of the address or limit go to the Y register. 

Control Storage Addressir^ 



Storage-to-storage instructions deal with two word 
locations: one in process stor^e, specified by Wg 
or W*, and one in control storage, specified by R 
and S in all modes except channel service. In chan- 
nel service mode, storage-to-storage instructions 
are executed using the contents of the channel ser- 
vice register to address control storage. 



M 
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000 
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on 


100 


100 


101 
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110 


no 
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No register 
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Channel Service 

Interface Data 

Interface Control 

Mode Request 



Figure 11. Addressable Registers 



Address Incrementing 

If the last alphabetic code character of an operation 
code mnemonic is an I, W* will be incremented after 
its use. Address incrementing may occur whether 
or not W* is used as an indirect address. Incre- 
menting starts with bit 32 of the word addressed by 
Wg (bit 1 of W*) and continue through bit 47. Re- 
gardless of the storage size (4K, 8K, or 16K) bits 
46 and 47 are included in the incrementing process. 



Indirect Addressing 



Indirect Addressing with Incrementing — Skip 



In executing directly addressed instructions, Wg is 
the location of one of the operands. When an instruc- 
tion is executed indirectly, the operand is located at 
W*; W* is the address (bits 47 through 32) contained 
in the word addressed by Wg. 

Register Addressing - R, S, and OAR 

All character-manipulating instructions deal with 
two character locations, one in process storage 
specified by Wg or W* and the other a register 
specified by R (bits 29-27). S (bits 26-23) is a 
binary number specifying the size of the character 
to be operated on, counting from the low-order bit 
of the register specified by R. In character- 
manipulating instructions, S cannot be larger than 
eleven. Figure 11 lists the values of R and the 
register each value specifies. 



All 7750 instructions whose mnemonic codes end in 
I* are skip instructions. If, after incrementing, 
bits 5-1 of W* are all ones, the IBM 7750 executes 
the next instruction in sequence. Ones in bit posi- 
tions 5-1 indicate that the 7750 has reached the last 
character position of a block. To proceed any 
further, the 7750 must locate a new empty block of 
characters when it is receiving data or a new 
block when it is transmitting data. Therefore, the 
next instruction in sequence is a branch instruction 
which enables the 7750 to enter the subroutine for 
locating the next block of characters to be sent out 
or the next empty block to be filled. 

If bits 5-1 of W* are not all ones after ingre- 
menting, indicating that the last (32nd) character 
position of the block has not been reached, the 7750 
skips the branch instruction and executes the in- 
struction following. 



Detailed Description 25 



Flags 

Bits 12 and 13 of an Instruction word are flag bits. 
Any combination of these two flag bits may be used 
in an instruction. If bit 12 is a one, the Z register 
is decremented by one between the address modifi- 
cation and execution times of the instruction. If 
bit 13 is a one, no mode change can take place be- 
tween the execution of the instruction containing 
this flag bit and the next instruction executed. 

Operation Code 



Load Character Indirect, 2 LOP* W 1312: All bits 
of register R are cleared and S low-order bits are 
replaced by the corresponding bits of the character 
addressed by W*, where W* is the address (bits 47 
through 32) contained in the word addressed by Wg- 
The contents of storage are unchanged. 

Load Character and Increment, 1 LOI W 1322: The 
entire contents of register R are cleared. S low- 
order bits are moved into the low-order portion of 
register R from the character addressed by Wg. The 
16-bit address (W*) is incremented by one. 



Bits 10 through 1 of the instruction word form the 
operation code. It specifies what instruction the 
7750 is to do. Bit 11 is the odd parity bit for bits 
10 through 1 and the flag bits. 

DESCRIPTION OF INSTRUCTIONS 

The instruction descriptions are arranged as follows 

in the text : 

Instruction Name and Example: 

Load Character Indirect, 2 LOD* W 1312 

Where: 



LOD* 



W(We) 



1312 



Execution 


Mnemonic 


Direct, 


Octal Op Code, 


Length in 


Op Code 


Unmodified, or 


Not Including 


Cycles 


♦Indirect 


Modified 


Parity or Flags 




Address 


Address 





NOTE: Unless stated otherwise, all instructions may 
be executed using Wg = W modified by M and L. 
In all cases where modification is allowed, any of 
the registers in Figure 11 , including no register , 
may be used. 

Character Operations 

None of the instructions in this group may be used 
to alter bits 1 through 7 of the channel service reg- 
ister. Specifying R = 4 on a load instruction will re- 
set the error indicators (CSR 8-11), but will not 
change the rest of the CSR. All instructions whose 
mnemonic begins with X must specify R = 1, the X 
register. None of the instructions whose mnemonic 
begins with A can specify R = 5, the interface data 
register. 

Load Character, 1 LOD W 1302: All bits of register 
R are cleared and the lower S bits are replaced by 
the corresponding bits of the character addressed by 
Wg. The contents of storage are unchanged. 



Load Character Indirect and Increment, 2 LOI* W 
1332; The entire contents of register R are cleared. 



S low-order bits are moved into the low-order por- 
tion of register R from the character addressed by 
W*. W* is incremented by ong. If, after incre- 
menting, bits 5-1 of W* are not all ones, the 7750 
skips the next instruction in sequence and executes 
the instruction following. The contents of storage 
location W* are unchanged. 



Load Complemented Character, 1 LDC W 1342: The 
entire contents of register R are cleared. One's 
complement of S low-order bits are moved into 
register R from the character addressed by Wg. 
The contents of storage location Wg are unchanged. 

Load Complemented Character Indirect, 2 LDC* 
W 1352 : The entire contents of register R are 
cleared. One's complements of S low -order bits 
are moved into register R from the character ad- 
dressed by W*. The contents of storage location 
W* are unchanged. 

Load Complemented Character and Increment, 
1 LCI W 1362: The entire contents of register R 
One's complements of S low-order 



are cleared. 

bits are moved into register R from the character 
addressed by Wg. The 16-bit address (W*) is in- 
creased by one. 

Load Complemented Character Indirect and In- 
crement, 2 LCI* W 1372: The entire contents of 
register R are cleared. One's complements of S 
low-order bits are moved into R from the character 
addressed by W*. W* is incremented by one. If, 
after incrementing, bits 5-1 of W* are all ones, the 
7750 executes the next instruction in sequence. If, 
after incrementing, bits 5-1 of W* are not all ones, 
the 7750 skips the next instruction in sequence and 
executes the next instruction following. The con- 
tents of storage location W* are unchanged. 
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Unload Character, 1 UNL W 1202: All 11 bits of the 
character addressed by Wg are cleared. S low- 
order bits of register R are moved into the low- 
order portion of the character field at location Wg. 
The contents of register R are unchanged. 

Unload Character Indirect, 2 UNL* W 1212: All 11 
bits of the character addressed by W* are cleared. 
S low-order bits of register R are moved into the 
low-order portion of the character field at location 
W*. The contents of register R are unchanged. 

Unload Character Indirect and Increment, 2 ULI* 
W 1232: All 11 bits of the character addressed by 
W* are cleared. S low-order bits of register R are 
moved into the low-order portion of the character 
field at location W*. W* is incremented by one. If, 
after incrementing, bits 5-1 of W* are all ones, the 
7750 executes the next instruction in sequence. If, 
after incrementing, bits 5-1 of W* are not all ones, 
the 7750 skips the next instruction in sequence and 
executes the next instruction following. The contents 
of register R are unchanged. 



Unload Complemented Character, 1 ULC W 1242: 
All 11 bits of the character addressed by Wg are 
cleared. One's complements of S low-order bits of 
register R are moved into the low-order portion of 
the character field at location Wg. The contents of 
register R are unchanged. 

Unload Complemented Character Indirect, 2 ULC* 
W 1252: All 11 bits of the character addressed by 
W* are cleared. One's complements of S low-order 
bits of register R are moved into the low-order 
portion of the character field at W*. The contents 
of register R are unchanged. 

Unload Complemented Character Indirect and 
Increment, 2 UCI* W 1272: All 11 bits of the char- 
acter addressed by W* are cleared. One's comple- 
ments of S low-order bits of register R are moved 
into the low-order portion of the character field at 
W*. W* is incremented by one. If, after incre- 
menting, bits 5-1 of W* are all ones, the 7750 skips 
the next instruction in sequence and executes the 
instruction following. The contents of register R 
are unchanged. 

Exclusive OR, 1 XOR W 1101: The S low-order bits 
of register X are exclusive-OR'ed, bit by bit, with 
the corresponding bits of the character addressed by 
We. The result replaces the S low-order bits of X. 
The contents of storage and the 11 minus S high- 
order bits of X are unchanged. The result of an 
exclusive-OR between two bits is a one when the two 



bits differ (10 or 01), and a zero when they are the 
same (11 or 00). 

Exclusive OR Indirect, 2 XOR* W 1111: The S low- 
order bits of register X are exclusive-OR'ed, bit by 
bit, with the corresponding bits of the character ad- 
dressed by W*. The result replaces the S low-order 
bits of the X register. The 11 minus S high-order 
bits of register X and the contents at location W* are 
unchanged. 

Exclusive OR and Increment, 1 XOI W 1121 : The S 
low-order bits of register X are exclusive-OR'ed, 
bit by bit, with the corresponding bits of the char- 
acter addressed by Wg. The result replaces the S 
low-order bits of register X. The 11 minus S high- 
order bits of the X register are unchanged. W* is 
incremented by one. 

Exclusive OR Indirect and Increment, 2 XOI* W 1131: 
The S low-order bits of register X are exclusive- 
OR'ed, bit by bit, with the corresponding bits of the 
character address by W*. The result replaces the 
S low-order bits of the X register. The 11 minus 
S high-order bits of register X are unchanged. W* 
is incremented by one. If, after incrementing, bits 
5-1 of W* are all ones, the 7750 executes the next 
instruction in sequence. If, after incrementing, 
bits 5-1 of W* are not all ones, the 7750 skips the 
next instruction in sequence and executes the in- 
struction following. The contents of storage loca- 
tion W* are unchanged. 

Exclusive OR Complemented, 1 XOC W 1141: The 
S low-order bits of register X are exclusive-OR'ed, 
bit by bit, with the one's complement of the corres- 
ponding bits of the character addressed by We. The 
result replaces the S low-order bits of X. The con- 
tents of storage and 11 minus S high-order bits of 
X are unchanged. 

Exclusive OR Complemented Indirect, 2 XOC* 
W 1151: The S low-order bits of register X are 
exclusive-OR'ed, bit by bit, with one's comple- 
ment of the corresponding bits of the character ad- 
dressed by W*. The result replaces the S low- 
order bits of X. The contents of storage location 
W* and the 11 minus S high-order bits of register 
X are unchanged. 

Exclusive OR Complemented and Increment, 1 XCI 
W 1161 : The S low-order bits of register X are 
exclusive-OR'ed, bit by bit, with one's comple- 
ment of the corresponding bits of the character ad- 
dressed by Wg. W* is incremented by one. The 11 
minus S high-order bits of register X are unchanged. 
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Exclusive OR Complemented Indirect and Increment, 
2 XCI* W 1171: The S low-order bits of register X 
are exclusive-OR'ed, bit by bit, with one's comple- 
ment of the corresponding bits of the character ad- 
dressed by W*. W* is incremented by one. If, 
after incrementing, bits 5-1 of W* are all ones, the 
7750 executes the next instruction in sequence. If, 
after incrementing, bits 5-1 are not all ones, the 
7 750 skips the next instruction in sequence and ex- 
ecutes the instruction following. The contents of 
storage location W* and the 11 minus S high-order 
bits of register X are unchanged. 

Inclusive OR, 1 lOR W 1102: The S low-order bits 
of register R are OR'ed, bit by bit, with the corres- 
ponding bits of the character addressed by Wg. The 
result replaces the S low-order bits of R. The con- 
tents of storage and the 11 minus S high-order bits 
of R are unchanged. The results of an OR between 
two bits is a one when either or both of the bits are 
ones (11, 10, 01) and a zero when they are both 
zeros (00). 

Inclusive OR Indirect, 2 lOR* W 1112: The S low- 
order bits of register R are OR'ed, bit by bit, with 
the corresponding bits of the character addressed by 
W*. The result replaces the S low-order bits of 
R. The contents of storage location W*, the con- 
tents of location Wg, and the 11 minus S high-order 
bits of register R are unchanged. 

Inclusive OR and Increment, 1 IPX W 1122: The S 
low-order bits of register R are OR'ed, bit by bit, 
with corresponding bits of the character addressed 
by Wg, The result replaces the S low-order bits 
of R, W* is incremented by one. The 11 minus S 
high-order bits of register R are unchanged. 

Inclusive OR Indirect and Increment, 2 lOI* W 1132: 
The S low-order bits of register R are OR'ed , bit 
by bit, with the corresponding bits of the character 
addressed by W*. The result replaces the S low- 
order bits of R. W* is incremented by one. The 
contents of storage location W* and the 11 minus 
S high-order bits of register R are unchanged. If, 
after incrementing, bits 5-1 of W* are all ones, the 
7750 executes the next instruction in sequence. If 
bits 5-1 are not all ones, the 7750 skips the next 
instruction in sequence and executes the instruction 
following. 

Inclusive OR Complemented, 1 IOC W 1142: The S 
low-order bits of register R are OR'ed, bit by bit, 
with the one's complement of the corresponding bits 
of the character addressed by Wg. The result re- 
places the S low-order bits of R. The contents of 



storage and the 11 minus S high-order bits of R are 
unchanged. 

Inclusive OR Complemented Indirect, 2 IOC* W 1152: 
The S low-order bits of register R are OR'ed, bit 
by bit, with the one's complement of the correspon- 
ding bits of the character addressed by W*. The 
result replaced the S low-order bits of R. The con- 
tents of storage location W* and 11 minus S low- 
order bits of register R are unchanged. 

Inclusive OR Complemented and Increment, 
1 ICI W 1162: The S low-order bits of register R 
are OR'ed, bit by bit, with the one's complement of 
the corresponding bits of the character addressed 
by Wg. W* is incremented by one. The result re- 
places the S low-order bits of R. The 11 minus S 
high-order bits of register R are unchanged. 



Inclusive OR Complemented Indirect and Increment, 
2 ICI* W 1172: The S low-order bits of the register 
R are OR'ed, bit by bit, with the one's complement 
of the corresponding bits of the character addressed 
by W*. The result replaces the S low-order bits 
of R. W* is incremented by one. If, after incre- 
menting, bits 5-1 of W* are all ones, the 7750 ex- 
ecutes the next instruction in sequence. If, after 
incrementing, bits 5-1 are not all ones, the 7750 
skips the next instruction in sequence and executes 
the instruction following. The contents of storage 
location W* and the 11 minus S high-order bits of 
register R are unchanged. 

OR to Process Storage, 1 ORP W 1002: The S low- 
order bits of the register R are OR'ed, bit by bit, 
with the corresponding bits of the character address- 
ed by Wg. The result replaces the S low-order bits 
of the character in storage. The contents of R and 
the 11 minus S high-order bits of the character in 
storage are unchanged. 

OR to Process Storage Indirect, 2 ORP* W 1012: 
The S low-order bits of register R are OR'ed, bit 
by bit, with the corresponding bits of the character 
addressed by W*. The result replaces the S low- 
order bits of the character in storage. The contents 
of register R and the 11 minus S high-order bits of 
the character in storage location W* are unchanged. 

OR to Process Storage Indirect and Increment, 
2 ORI* W 1032: The S low-order bits of register R 
are OR'ed, bit by bit, with the corresponding bits of 
the character addressed by W*. The result replaces 
the S low-order bits of the character in storage. W* 
is incremented by one. If, after incrementing, bits 
5-1 of W* are all ones, the 7750 executes the next 



28 



instruction in sequence. If, after incrementing, bits 
5-1 of W* are not all ones, the 7750 skips the next 
instruction in sequence and executes the instruction 
following. The entire contents of register R and the 
11 minus S high-order bits of the character in stor- 
age location W* are unchanged. 



AND and Increment, 1 ANI W 1165: The S low-order 
bits of register R are AND'ed, bit by bit, with the 
corresponding bits of the character addressed by W©. 
The result replaced the S low-order bits of register 
R. W* is incremented by one. The 11 minus S high- 
order bits of register R are uncharged. 



OR Complement to Process Storage, 1 OCP W 1042: 
The one's complements of the S low-order bits of the 
register R are OR'ed, bit by bit, with the correspon- 
ding bits of the character addressed by We- The 
result replaces the S low-order bits of the character 
in storage. The entire contents of R and the 11 minus 
S high-order bits of the character in storage are un- 
changed. 

OR Complement to Process Storage Indirect, 
2 OCP* W 1052: The one's complements of S low- 
order bits of R are OR'ed, bit by bit, with the corre- 
sponding bits of the character addressed by W*. The 
result replaces the S low-order bits of the character 
in storage. The entire contents of register R and 
the 11 minus S high-order bits of the character in 
location W* are unchanged. 

OR Complement to Process Storage Indirect and 
Increment, 2 OCI* W 1072: The one's complements 
of S low-order bits of R are OR'ed, bit by bit, with 
the corresponding bits of the character addressed by 
W*. The result replaces the S low-order bits of the 
character in storage. W* is incremented by one. If, 
after incrementing, bits 5-1 of W* are all ones, the 
7750 executes the next instruction in sequence. If, 
after incrementing, bits 5-1 of W* are not all ones, 
the 7750 skips the next instruction in sequence and 
executes the instruction following. The entire con- 
tents of register R and the 11 minus S high-order 
bits of the character in storage location W* are un- 
changed . 



AND, 1 AND W 1145: The S low-order bits of the 
register R are AND'ed, bit by bit, with the corre- 
sponding bits of the character addressed by Wg. The 
result replaces the S low-order bits of R. The con- 
tents of storage and the 11 minus S high-order bits 
of R are unchanged. The result of an AND between 
two bits is a one when both bits are ones (11) and a 
zero otherwise (10, 01, 00). 

AND Indirect, 2 AND* W 1155: The S low-order bits 
of register R are AND'ed, bit by bit, with the corre- 
sponding bits of the character addressed by W*. The 
result replaces the S low-order bits of register R. 
The contents of storage location W* and the 11 minus 
S high-order bits of register R are unchanged. 



AND Indirect and Increment, 2 ANI* W 1175: The S 
low-order bits of register R are AND'ed, bit by bit, 
with the corresponding bits of the character ad- 
dressed by W*. The result replaces the S low-order 
bits of register R. W* is incremented by one. If, 
after incrementing, bits 5-1 of W* are all ones, the 
7750 executes the next instruction in sequence. Tf, 
after incrementing, bits 5-1 of W* are not all ones, 
the 7750 skips the next instruction in sequence and 
executes the instruction following. The contents of 
storage location W* and the 11 minus S high-order 
bits of register R are unchanged. 

AND Complemented, 1 ANC W 1105: The S low- 
order bits of register R are AND'ed, bit by bit, 
with the one's complement of the corresponding bits 
of the character addressed by Wg. The result re- 
places the S low-order bits of R. The contents of 
storage and the 11 minus S high-order bits of R are 
unchanged. 

AND Complemented Indirect, 2 ANC * \V 1115: The 
S low-order bits of register R are AND'ed, bit by 
bit, with one's complement of the correspondii^ bits 
of the character addressed by W*. The result re- 
places the S low-order bits of R. The contents of 
the character at storage location W* and the 11 
minus S high-order bits of register R are unchanged, 

AND Complemented and Increment, 1 ACI W 1125: 
The S low-order bits of register R are AND'ed, bit 
by bit, with one's complement of the corresponding 
bits of the character addressed by Wg. The result 
replaces the S low-order bits of R. W* is incre- 
mented. The 11 minus S high-order bits of register 
R are unchanged. 

AND Complemented Indirect and Increment, 
2 ACI* W 1135 : The S low-order bits of register R 
are AND'ed, bit by bit, with one's complement of 
the corresponding bits of the character addressed by 
W*. The result replaces the low-order bits of R. 
W* is incremented by one. If, after incrementing, 
bits 5-1 of W* are all ones, the 7750 executes the 
next instruction in sequence. If, after incrementing, 
bits 5-1 of W* are not all ones, the 7750 skips the 
next instruction in sequence and executes the instruc- 
tion following. The contents of character location 
W* and the 11 minus S high-order bits of register R 
are unchanged. 
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Address- and Limit -Moving Operations 



Get Address. 1 GTA W 0702: The operational ad- 
dress register (OAR) is cleared, then loaded with 
the address in the word addressed by Wg. The con- 
tents of storage and the two high-order bits (10 and 
11) of register X are unchanged. Bits 9-6 of the X 
register are cleared. 

Get Address Indirect, 2 GTA* W 0712: The OAR is 
cleared, then loaded with the address in the word 
addressed by W*. The contents of storage and the 
two high-order bits (10-11) of register X are un- 
changed. Bits 9-6 of the X register are cleared. 

Get Limit, 1 GTL W 0302: The OAR is cleared, then 
loaded with the limit in the word addressed by Wg. 
The contents of storage and the two high-order bits 
of register X are unchanged. Bits 9-6 of the X 
register are cleared. 

Get Limit Indirect, 2 GTL* W 0312: The OAR is 
cleared, then loaded with the limit in the word 
addressed by W*. The contents of storage location 
W* and the two high-order bits of register X are 
unchanged. Bits 9-6 of the X register are cleared. 

Get and OR Address, 1 GOAW 0502: The contents 
of the OAR are OR'ed into the OAR with the corre- 
sponding bits of the address in the word addressed 
by We. The word in the process storage location 
Wg and the two high -order bits of register X are 
xmchanged. 

Get and OR Address Indirect, 2 GOA* W 0512: The 
contents of the OAR are OR'ed into the OAR with the 
corresponding bits of the address in the word ad- 
dressed by W*. The word in the process storage 
location W* and the two high-order bits of register 
X are unchanged. 

Get and OR Limit, 1 GOL W 0102: The contents of 
the OAR are OR'ed into the OAR with the corres- 
ponding bits of the limit in the word addressed by 
Wg. The word in the process storage location Wg 
and the two high-order bits of register X are un- 
changed. 



Put Address, 1 PTA W 0602: The address field 



(bits 47 through 32) in the word addressed by We i^ 
cleared, then loaded with the contents of the OAR. 
The OAR is unchanged. 

Put Address Indirect, 2 PTA* W 0612: The address 
field (bits 47 through 32) in the word addressed by 
W* is cleared, then loaded with the contents of the 
OAR. The OAR is unchanged. 

Put Limit, 1 PTL W 0202: The limit field (bits 27 
through 12) in the word addressed by Wg is cleared, 
then loaded with the contents of the OAR. The OAR 
is unchanged. 



Put Limit Indirect, 2 PTL * W 0212: The limit 
field (bits 27 through 12) in the word addressed by 
W* is cleared, then loaded with the contents of the 
OAR, The OAR is xmchanged. 



Storage-to-storage Data Moving Operations 



Transmit Address to Process Storage, 2 TAP W 0606: 
The address (bits 47-32) from the control storage 
word replaces the address in the process storage 
word addressed by Wg. Control storage is unchang- 
ed. 



Transmit Address to Process Storage Indirect, 

2 TAP* W 0616; The address (bits 47-32) from the 



control storage word replaces the address in the 
process storage word addressed by W*. Control 
storage is unchanged. 

Transmit Address to Control Storage, 2 TAG W 0706: 
The address field (bits 47-32) of the control storage 
word referenced is cleared, then loaded with the ad- 
dress in the process storage word addressed by We. 
Process storage is unchanged. 

Transmit Address to Control Storage Indirect, 
2 TAG* W 0716: The address field (bits 47-32) of 
the control storage word referenced is cleared, then 
loaded with the address in the process storage word 
addressed by W*. Process stor^e is unchanged. 



Get and OR Limit Indirect, 2 GOL* W 0112: The 
contents of the OAR are OR'ed into the OAR with the 
corresponding bits of the limit in the word address- 
ed by W*. The word in the process storage loca- 
tion W* and the two high-order bits of register X 
are unchanged. 



Transmit and OR Address to Control Storage, 
2 TOC W 0506 : The address field (bits 47-32) of 
the control storage word referenced is OR'ed into 
itself with the address field of the word addressed 
by We- The word in the process storage location 
addressed by Wg is unchanged. 
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Transmit and OR Address to Control Storage Indirect , 
2 TOC* W 0516: The address field (bits 47-32) of 
the control storage word referenced is OR'ed into 
itself with the address field of the word addressed 
by W*. The word in the process storage location 
addressed by W* is unchanged. 

Move Word to Process Storage, 2 MWP W 0206 : 
The contents of the control storage word replaces 
the contents of the process storage word addressed 
by Wg. The word in the control storage location is 
unchanged. 



Branch on Zero, 1 BRZ W 0704: If the S low-order 
bits of register R are all zeros, the 7750 takes its 
next instruction from word location W and proceeds 
from there. Otherwise, it takes the next instruction 
in sequence. Register R is unchanged. 

Branch on Zero Indirect, 1 BRZ* W 0714: If the 
S low-order bits of register R are all zeros, the 
7750 takes its next instruction from word location 
W* and proceeds from there. Otherwise, it takes 
the next instruction in sequence. Register R is 
unchanged. W* is the word addressed by VV. 



Move Word to Process Storage Indirect, 
2 MWP* W 0216: The contents of the control stor- 
age word replace the contents of the process stor- 
age word addressed by W*. The word in control 
storage is unchanged. 

Move Word to Control Storage, 2 MWC W 0306: 
The control storage word referenced is replaced by 
the process storage word addressed by We- The 
word in process storage location Wg is unchanged. 

Move Word to Control Storage Indirect, 2 MWC* W 
0316: The control storage word referenced is re- 
placed by the process storage word addressed by 
W*. The word in process location W* is unchanged. 

Move Word and OR to Control Storage, 2 MOC W 
0106: The contents of the control storage word 
referenced are OR'ed into the control storage word 
referenced with the contents of the process stor- 
age word addressed by Wg, The word at the pro- 
cess storage location addressed by Wg is unchanged. 

Move Word and OR to Control Storage Indirect, 2 
MOC* W 0116: The contents of the control storage 
word referenced are OR'ed into the control storage 
word referenced with the contents of the process 
storage word addressed by W*. The word at pro- 
cess storage location addressed by W* is unchanged. 

Control Operations 



Branch type instructions other than branch indirect 
cannot have their addresses modified by M and L. 

Branch, 1 BRA W 0707 : This instruction causes the 
7750 to take its next instruction from word location 
W and to proceed from there. 

Branch Indirect, 1 BRA* W 0717: This instruction 
causes the IBM 7750 to take its next instruction 
from word location W* and to proceed from there. 
W* is the address at word location We. (See the 
paragraph on indirect addressing.) 



Branch on Ones, 1 BRO W 0744: If the S low-order 
bits of register R are all ones, the 7750 takes its 
next instruction from word location W and proceeds 
from there. Otherwise, it takes the next instruction 
in sequence. Register R is unchanged. 



Branch on Ones Indirect, 1 BRO* W 0754: If the 
S low-order bits of register R are all ones, the 7750 
takes its next instruction from word location W* and 
proceeds from there. Otherwise it takes the next 
instruction in sequence. Register R is unchanged. 
W* is the word addressed by W. 



Branch on Test, 1 BRT W 0544: The contents of 
positions 33 through 23 of the instruction word are 
OR'ed with the contents of the register specified by 
the M field of the instruction word. If the result is 
all ones , the next instruction will be taken from the 
location specified in the address field (bits 47-34) 
of the BRT instruction word. If the result is not all 
ones, the 7750 executes the next instruction in se- 
quence. The contents of the instruction word and 
of the register specified by M are unchanged. 

Compare Address to Limit, 1 CAL W 0003: If the 
address and limit fields of the word addressed by 
Wg are identical, the 7750 executes the next instruc- 
tion in sequence. If they are not identical, the 7750 
skips the next instruction and goes to the instruction 
following. For an 8K 7750, bits 47 and 22 of the ad- 
dress and limit, respectively, are ignored in the 
compare operation. For a 4K machine, bits 47-46 
and 22-21 of the address and limit, respectively, 
are ignored in the comparison. 

Compare Address to Limit and Increment, 1 CAI W 
0023: If the address and limit fields of the word 
addressed by Wg are identical, the 7750 executes the 
next instruction in sequence. If they are not identi- 
cal, the 7750 skips the next instruction and goes to 
the instruction following. W* is incremented by one 
after the test. For an 8K 7750, bits 47 and 22 of the 
address and limit, respectively, are ignored in the 
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compare operation. For a 4K machine, bits 47-46 
and 22-21 of the address and limit, respectively, are 
ignored in the comparison. 

Sense, 1 SNS W 0000: The sense line, as specified 
by the M field (1 through 5)g, is raised for 20 
microseconds. This instruction is used for diag- 
nostic purposes only. 



PRIORITY PROCESSING 



When the IBM 7750 is executing a program, the se- 
quence of its operation is controlled by the instruc- 
tion counter. Because the instruction counter is not 
an actual register but is a field stored in a control 
storage process word, a change in the sequence of 
operation can be accomplished by accessing a dif- 
ferent process word and thus a different instruction 
counter. In the 7750, priority processing is ac- 
complished by the use of six such process words. 
Each process word has a preassigned priority. The 
choice of a specific process word is based on the 
contents of the MSR. 

The 7750 is in a particular mode when its sequence 
of operation is under the control of the process word 
associated with that mode. A mode is requested by 
the setting of its associated trigger in the mode re- 
quest register. The normal mode, however, is al- 
ways requested although it has no trigger. In all 
modes except copy mode, the 7750 operates as de- 
scribed below. The operation in copy mode is de- 
scribed in "Transmission Between the 7750 and the 
Computer. " Figure 12 gives the priority, MRR 
position, and control storage address of each mode. 
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*The IN and OUT Modes correspond to the Write and Read 
operations. They refer to the data transmission relative to 
the IBM 7750. 



Figure 12. Mode and Priority 



Service Mode 

The service mode has highest priority. In most 
cases, this mode is used for detecting errors, and 
the request of this mode is automatic through chan- 
nel words and machine errors. In addition, the 
service mode, together with the service mode pro- 
gram, may be used to: (1) isolate or remove mis- 
takes from a program (debugging); (2) locate a 
faulty component (diagnosing); and (3) obtain a pro- 
grammed output of error messages when a machine 
malfunction occurs. Service mode may be entered 
manually from the operator's panel, automatically 
on the occurrence of an error condition, or by the 
program. The 7750 program must reset bit one in 
the MRR to leave this mode. 

Channel Service Mode 



Channel service mode has second priority; it causes 
the execution of the program that assigns blocks to 
receiving and transmitting communication channels. 
Channel service request is set automatically when 
any communication channels need it, and is turned 
off by the program. 

Copy Mode 

Copy mode has third priority and is requested by the 
program of in or out. mode. When this mode is oper- 
ative, data are automatically moved to or from the 
associated computer. Copy mode is not a program 
executing mode but is given a mode position because 
its function ranks in priority above all but service 
mode and channel service mode. 

Out Mode 



Out mode has fourth priority. Its mode program 
executes the necesaary instructions to set up the 
copy mode process word and prepares the 7750 to 
transmit data to the computer. The out mode re- 
quest bit is normally turned on by the program of 
the associated computer and is turned off by the IBM 
7750 program. This mode may also be requested 
by the 7750 program. However, data transfer to or 
from the central processor can be performed only 
if the 7750 is placed in out or in mode operation 
automatically upon receiving a command from the 
processor. 

In Mode 



In mode has fifth priority. It is requested by the 
associated computer when the computer wants the 
7750 to accept data from it. The program written 
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for this mode locates space for the data, sets up the 
copy mode process word to read the data into this 
area, and requests copy mode. The in mode re- 
quest bit is normally turned on by the program of 
the associated computer and is turned off by the 
IBM 7750 program. 

Normal Mode 

Normal mode has lowest priority. It causes the 
execution of the normal program which performs 
error checking, code translation, recognition of 
functional codes, monitoring, queuing, and so on. 
All 7750 functions not specifically delegated to other 
modes usually are executed by the normal mode pro- 
gram. 

Mode Selector System 

The mode selector system enables the 7750 to change 
modes automatically. This system consists of a 
mode request register (MRR) and a mode status regi- 
ster (MSR). Both registers have five bit positions. 
Each bit position in the registers represents a spe- 
cific mode. Normal mode is indicated when there 
are no bits appearing in either register. If more 
than one bit appears in the MRR, indicating more 
than one mode requested at one time , only the bit 
corresponding to the highest-requested mode appears 
in the MSR. Because the control storage is addressed 
by the mode status register, during the process 
cycle,, the 7750 will always service the mode with 
the highest priority first. 

At the end of the last execute cycle of each instruc- 
tion, the MSR is checked against the MRR. If the 
check shows that the MSR is at the highest-requested 
mode, the next instruction, whose address is supplied 
by the previous process cycle of the current mode, 
is executed. If the check shows that the MSR is not 
at the highest-requested mode , and the instruction 
executed was not flagged "prevent mode change, " 
the following sequence of events occurs: the MSR is 
updated to agree with the highest priority in the MRR; 
the modr change trigger is set to store the fact that 
a mode change is to occur; the following instruction 
and execute cycles are not used for a fetch and exe- 
cute; instead, the updated MSR addresses the pro- 
cess word of the new mode in control storage; the 
instruction counter is used to address process stor- 
age on the second instruction cycle. The mode has 
now changed with a loss of one machine cycle. 

If the instruction just executed had been flagged 
"prevent mode change," the change in the MSR and 
the setting of the mode change trigger would not have 
occurred. The change of mode would not have taken 
place until after the execution of an instruction not 
flagged "prevent mode change." 



Note: 

(1) A character interrupt occurring at the same 
time as a mode change merely causes the mode 
change to be delayed. 

(2) A mode change cannot occur between the first 
and second cycles of a two-cycle instruction. 

CHANNEL INPUT/OUTPUT 

In the 7750, the sending and receiving of data is an 
automatic function controlled by a unique channel 
word located in the control storage for each com- 
munication channel. Receiving and sending of data 
require only occasional supervision from the pro- 
gram. 

Incoming data arrive at the adapters where the 
data are converted (voltage levels , polarity , etc . ) 
and sent to the control storage via the adapter con- 
trol interface (Figure 13). Incoming bits are main- 
tained in control storage until a complete character 
is received. Next, the character is automatically 
transferred to process storage. Outgoing data are 
sent to adapters serially by bit from control storage 
until a complete character has been transmitted. 
Then the next character is automatically obtained 
from process storage. 



CLT 



Channel 
Adapters 



Adapter 
Control 
Interface 



Control 
Storage 



Process 
Storage 



Figure 13. Data Flow 



Adapter Control Interface 

Figure 14 shows the lines which go between each of 
the process control channels and the associated adap- 
ters. Each line performs specific functions for con- 
trolling data flow between a process control channel 
and its associated adapter. Collectively, these lines 
form an interface — the adapter control interface. 

Process Co ntrol Channel Scanner Operation 

The process control channel scanner steps from 
channel to channel, in sequence. It selects a pro- 
cess control channel every 28 microseconds (one 
machine cycle). The 7750 can have a maximum of 16 
process control channels. Depending on the applica- 
tion, the process control channel scanner is pre-set 
to count up to the maximum number of process control 
channels used. 
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Figure 14. Adapter Control Interface 
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Channel Word 

The channel word, a 48-blt word located in control 
storage , automatically controls the assembly and 
distribution of characters to and from the channel 
adapters. Each communications channel connected 
to the 7750 has a unique channel word associated with 
it stored in control storage. High-speed communica- 
tion channels require the assignment of three or four 
words of control storage: one (if half-duplex channel) 
or two (if full-duplex channel) as channel words, and 
the other two for additional control functions (i.e. , 
indicating high-speed channel errors). At the be- 
ginning of each scan cycle, the process control chan- 
nel scanner selects a channel adapter. The corres- 
ponding adapter then provides the address of the cor- 
• rect channel word to the process control. Depending 
on the contents of this channel word, automatic char- 
acter assembly and distribution take place. The chan- 
nel word is then stored and the process control chan- 
nel scanner incremented to select the next adapter 
for the following scan cycle. If , in a particular 
application, there are ten scan points, scan point 
one would be selected every 280 microseconds (ten 
machine cycles). 

Channel Word Format 

The fields composing the channel word are shown in 
Figure 15. 

The assembly /distribution field, H, is an 11-bit 
shift register and count-down counter which contains 
all or part of a character being assembled or dis- 
tributed. Characters are arranged in the H field 
with the first bit placed in the low-order position. 
The character length field, C, defines the number 
of bits per character . Fractional sampling bits are 
omitted when determining the character length. 

Because four characters can be stored in each 
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Figure IS. Channel Word Format 



the next character position in the process word to be 
assembled or transmitted. The character address 
field, A, defines the character location 00, 01, 10, 11 
from which the next character is to be obtained during 
transmission or where the next character received is 
to be stored. 

The word address field, W, defines the process 
storage word location of the next character position. 
It is automatically incremented when four character 
positions have been used. 

In the G field, the high-order bit defines the type 
of character transmission: synchronous or start-stop. 
The next high-order bit, CSDR 13, is defined later in 
this manual for start-stop channel words and for syn- 
chronous channel words. The lower-order bit indi- 
cates whether the 7750 is sending or receiving data. 
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The last timing bit, B, is used in conjunction with 
the timing line of the adapter control interface to de- 
termine whether a new bit is to be transmitted or re- 
ceived by the process control. Following a bit trans- 
fer, the last timing bit is automatically set equal to 
the timing line. 

Fields D and F are discussed in the following sec- 
tion. Their functions depend on the t3T5e of character 
transmission and the status of the channel word. The 
action field, E, is discussed in "Action Delaying 
Feature. " 

Character Assembly and Distribution 

Characters are automatically loaded into the assembly 
area (H field) and sent to the channel adapter, serially 
by bit from the low-order position, at each new bit 
time. 

For start-stop or synchronous data transmission, 
the four low-order bits in the character control field, 
F, form a binary counter which increments each time 
a new bit is sent to the channel adapter. When the 
bit count equals the character length, signifying that 
a complete character has been sent to the adapter, 
the next character is automatically obtained from 
process storage. 

In receiving status, incoming bits are gated into the 
assembly area, as defined by the character length 
field, (C), and shifted toward the low-order bit posi- 
tion. For example, if C equals lis, the first bit and 
all succeeding bits of the character enter at CSDR 
bit position 9, 

For synchronous-receive, the complete character 
is stored when the four low-order bits of F equal C . 
On start-stop receive, a different method is used to 
determine when a complete character is in the assem- 
bly area. The detection of the start bit shifting into 
the CSDR 1 and a stop bit shifting into H, as defined 
by the character length field (C) , causes the character 
to be stored. Before storing the character, the as- 
sembly area is ^ain shifted to strip the start bit from 
the character. On start-stop receive, the F field is 
not used as a counter. 

Data Transfer Check 

An automatic data transfer check is made on the data 
flow path between the process control and the chan- 
nel adapter in send status. Each time a data bit is 
sent to the channel adapter, it is retained in the low- 
order position of the D field in the channel word. 
This low-order position of the D field is the transfer 
check bit (CSDR 23). When the IBM 7750 is sending 
data to a communication channel, the channel adap- 
ter sets the value of the last bit sent to the communi- 
cation channel on the data-in line. When the next bit 



is requested by the channel adapter, the transfer 
check bit is compared with the data-in line. If they 
are not equal, a channel error is indicated (see 
"Channel Error"). The MCA also makes a check on 
the data flow path between the MCA data bit and the 
output communications'lines of the communications 
lines terminator (CLT). 

Start-Stop Channel Words 

Channel words would normally be assembled by the 
program in process storage and transferred to con- 
trol storage to initiate character assembly or dis- 
tribution. The channel word as it is used for start- 
stop channels is given in Figures 16 and 17. All un- 
used bits must be logical zeros in start-stop channel 
words . 

Certain rules are necessary to insure correct data 
transmission. One such rule is adapter synchroni- 
zation. If a channel has been inactive, i. e. , in hold 
status, or the data flow direction has changed, it is 
necessary to use the first active scan cycle to syn- 
chronize the adapter with the process control. This 
should not be confused with synchronous transmission. 
In the new channel word the programmer must set 
the character control field, F, to 14g. On the first 
active scan cycle the channel word automatically per- 
forms the following functions: 

1. The last timing bit is reset to a logical zero. 

2. A data transfer check is inhibited and the 
transfer check bit reset to a logical zero. 

3. The adapter synchronizer line is set to a logi- 
cal one. 

4. CSDR bits 11-1 are cleared. 

5. The character control field is reset to OOg 
for use as a bit counter. 

6. If the channel is starting to send, the first 
character of the message is obtained from 
process storage. 

In send status, for channels having character for- 
mats containing non- integer stop bits, the program- 
mer must set the fractional sampling bit (bit 24) in 
the D field to a logical one. When bit count equals 
character length, signifying that the last stop bit is 
being sent to the adapter, the fractional sampling bit 
line of the adapter control interface is automatically 
set to a logical one. The adapter will then elongate 
this last stop bit by a predetermined interval. CSDR 
19 in the F field of a start-stop channel word must 
always be set to a logical zero. 

The programmer can automatically initiate a 
sending delay during the normal transmission of a 
message. The programmer inserts in the message 
a special character followed by a delay count equal 
to the desired delay in binary bit times. The special 
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character is called special sending delay character 
(SSDC) and has the following bit pattern: 37778. 
During a character interrupt, the recognition of SSDC 
sets the delay bit in the D field to a logical one. If 
the channel word is not requesting channel service, 
character interrupt is initiated the next time this 
same channel word is accessed and the delay count 
is loaded into the H field. The maximum delay is 
3775g. Each time the channel word is accessed and 
a new bit time occurs, the H field is decremented. 



Field 



Position 




Number 


Name 


47-34 


Word Address 


33-32 


Character Address 


31 


Last Timing 


30-27 


Character Length 


26 


Not Hold 


25 


Delay 


24 


Fractional Sampling Bit 


23 


Transfer Check 


22-20 


Action 


19-15 


Character Control 


14-12 


Status-Macro 


11-1 


Assembly/ Distribution 


P 


Word Parity 



w 

A 
B 
C 
D 
D 
D 
D 
E 
F 
G 
H 



Figure 16. Start-Stop Channel Word Format 



When the H field is decremented to all zeros, signi- 
fying the end of sending delay, the delay bit is turned 
off, and the next character is obtained from process 
storage to be transmitted in the normal manner. 
Neither the SSDC nor the delay count is sent to the 
channel, and neither can be located in the 32nd posi- 
tion of a block in process storage. 

In data transmission, it is sometimes desirable to 
send a message and then wait for a reply on the same 
line, e.g. , polling on half-duplex lines. The pro- 
grammer can automatically initiate a status change 
in the channel word at the end of an outgoing message 
for this purpose. The recognition of a special char- 
acter by the logic will place the channel word in a 
receiving delay status, during which time the logic 
examines the data-in line for a logical one, i. e. , 
start bit of an incoming character. The recognition 
of a start bit places the channel word in normal start- 
stop receive for character assembly. If the delay 
interval times out, the channel word will be placed 
in a hold condition. The special character is defined 
as the status change character (SCC) and has the 
following bit pattern: 37768. 

To initiate a status change, the programmer inserts 
the status change character followed by a delay count 
character equal to the desired delay in binary bit time. 
The maximum delay count that can be used is 37758. 
During a character interrupt, the recognition of SCC 



FIELD 

Number of Bits per Field 
CSDR Bit Position Number 
SEND* 

1, First Active Scan Cycle 

2, Normal Without Error 

3, Normal Delay Without 

Error 

RECEIVE* 

1. First Active Scan Cycle 

2. Normal Without Error 

3. Normal Delay Without 

Error 

INACTIVE, Send or Receive 



W 



47-34 



A 


B 


C 


D 


E 


F 


G 


H 


P 


? 


1 


4 


4 


3 


5 


3 


11 


1 



33-32 



31 30-27 26-23 22-20 19-15 14-12 11-1 1 



0000 



Word Address 
of 1st Character 


Character 
Address 

Character 
Address 






02-13 
02-13 
02-13 

02-13 
02-13 
02-13 


10 

10- 

14 

10 
10 
14 
00- 


11 
07 











14 

00- 

00 

14 
00 
00 


13 


3 
3 




3 


Word Address 
of 1st Character 


2 

2 




2 




Oto 3 



0000 



♦Without Fractional Sampling Bit 
Note: All numbers are in octal. 



Figure 17. Detailed Start-Stop Channel Word Format 
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sets the delay bit (CSDR 25) to a logical one. Char- 
acter interrupt is again initiated the next time the 
same channel word is accessed under the following 
conditions: The data-in line is a logical zero, the 
channel word is not requesting channel service, and 
a timing change has occurred. When the data-in line 
is a logical zero and a timing change has occurred, the 
last character has been transmitted. The delay count 
character is loaded into the H field, the F field is set 
to 148, and the low -order bit in the G field is set to a 
logical zero, that is, to receive status. On the next 
active scan cycle the octal code 143 performs the 
adapter synchronization function. Each time this chan- 
nel word is accessed and a new bit time occurs , the 
H field is decremented. If at any time the data-inline 
becomes a logical one (the start bit of an incoming 
character), receiving delay is terminated, the assembly 
area is cleared, data are entered, and the delay bit 
turned off. Should the H field be decremented to all 
zeros, the not- hold bit (CSDR 26) is reset to a logi- 
cal zero, placing the channel word in an inactive 
status. Neither the SCC nor the delay count char- 
acter can be located in the 32nd position of a block 
of process storage (the block control character). 



Synchronous Channel Words 

The major difference between start-stop and syn- 
chronous transmission is the character format. To 
establish and maintain character synchronization, 
synchronous channels use special synchronizing 
characters instead of start and stop bits. However, 
once character synchronization has been established, 
incoming characters are stored regardless of the 
content of the assembly area. In some applications, 
it is also desirable to transmit synchronization 
characters, at predetermined intervals, to aid the 
maintenance of character synchronization. 

In the G field, CSDR 13 is called the control bit. 
The value of this bit depends upon the type of HSA2, 
full-duplex or half-duplex. Refer to "Channel Adap- 
ter" for the correct use of the control bit. 

Two types of character synchronization are avail- 
able. They are hunt and continuous hunt. The choice 
of which type to use, or whether a combination of 
the two should be used, is determined by the parti- 
cular application. The channel word format used 
for synchronous channels in receive status and send 
status is given in Figures 18, 19 and 20. 



FIELD 

Number of Bits per Field 

CSDR Bit Position Number 
SEND* 

1 . First Active Scan Cycle 

2. Normal Without Error 



W 

14 
47-34 

Word Address 
of 1st Character 



33-32 



11 1 



31 30-27 27-23 22-20 19-15 14-12 11-1 p 



Character 01-13 02 14 7 0000 

Address 

. 01-13 02-03 00-13 7 



RECEIVE* 

1. First Active Scan Cycle 

2. First Active Scan Cycle 
Going to Continuous Hunt 

3. Normal Continuous Hunt 

4. First Active Scan Cycle 
Going to Hunt 

5. Hunt 

6. First Active Scan Cycle 
Going to Hunt then Going 
to Continuous Hunt 



Word Address 
of 1st Character 
Word Address 
of 1st Character 

Word Address 
of 1st Character 
Word Address 
of 1st Character 
Word Address 
of 1st Character 



Character 
Address 
Character 
Address 

Character 

Address 

Character 

Address 

Character 

Address 



01-13 00 

01-13 00 

- 01-13 

01-13 00 

- 01-13 

01-13 00 












14 
34 



10-33 
16 



17 
36 



0000 

0000 
0000 
0000 



ERROR CHANNEL WORD 

INACTIVE SEND OR RECEIVE 



14-17 



10-11 
00-07 



2 

to 3 



♦ Control Bit CSDR 13 Logical One 
Note: All numbers are in octal. 

Figure 18. Synchronous Channel Word Format 
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Position 

Number Name 

47-34 Word Address 

33-32 Character Address 

31 Last Timing 

30-27 Character Length 

26-23 Extended Assembly Area 

22-20 Action 

19-15 Character Control 

14-12 Status Macro 

11-1 Assembly/ Distribution 

P Word Parity 



Figure 19. Synchronous Channel Word Format- -Receive Status 





Position 




Field 


Number 


Name 


W 


47-34 


Word Address 


A 


33-32 


Character Address 


B 


31 


Last Timing 


C 


30-27 


Character Length 


D 


26-25 


Not Used 


E 


24 


Not Error 


F 


23 


Data Transfer Check 


G 


22-20 


Action 


H 


19-15 


Character Control 





14-12 


Status-Macro 




11-1 


Assembly/ Distributio 




P 


Word Parity 



Field 

W 

A 

B 

C 

D* 

D 

D 

E 

F 

G 

H 



*A11 unused bits must be logical zeros in synchronous-send 
channel words. 

Figure 20, Synchronous Channel Word Format — Send Status 



Before a channel word can be placed in hunt or 
continuous hunt status, it is necessary to use the 
first active scan cycle to synchronize the adapter 
with the process control. The character control 
field is used to perform this function. By setting 
the proper octal code in the F field, the program- 
mer can make one of several sequences take place 
without further attention from the program. These 
sequences are: 

1. Adapter synchronization going to normal syn- 
chronous receive. 

2. Adapter synchronization going to continuous 
hunt. 

3. Adapter synchronization going to hunt and then 
going to normal synchronous receive. 

4. Adapter synchronization going to hunt and then 
going to continuous hunt. 

In sequence one, the programmer inserts the octal 
nndfi 14<, in the F field. When a channel word con- 

^ o 

taining this octal code is accessed on the first active 
scan cycle, the following automatic actions take 
place: 

1. The last timing bit is reset to a logical zero. 

2. The D field is cleared. 

3. The adapter synchronization line is set to a 
logical one. 

4. The four low-order bits in the F field are reset 
to OOg for use as a bit counter. 

5. The H field is cleared. 

After the adapter synchronization function has 
been completed, character assembly begins. The 
channel word is in a normal synchronous receive 
status . 

In sequence two, the programmer inserts the oc- 
tal code 34g in the F field. The high-order bit in 



the F field defines continuous hunt. On the first ac- 
tive scan cycle the octal code 34g performs the adap- 
ter synchronization function as described in the pre- 
vious paragraph. However, when the adapter syn- 
chronization is completed, the channel word is in a 
continuous hunt status and character assembly begins. 

In continuous hunt, a 16-bit end-around shift regi- 
ster is formed using bits 11-1, 26-23, and the data- 
in line. A new bit is entered into the assembly area, 
as specified by C, and shifted toward the low-order 
position. The low-order position is equal to the char- 
acter length plus one. EC equals 6, the low-order 
position is control storage data register 7. A maxi- 
mum of fifteen bits is maintained in the shift register. 
As each new bit is received, the bit count is incre- 
mented and compared with the character length. 
If an equal comparison occurs, character interrupt 
is initiated, and those low-order bits in H, as speci- 
fied by the character length, are transferred to pro- 
cess storage. 

In continuous hunt, the 7750 examines the contents 
of the 16-bit assembly area at each new bit time. 
Character synchronization is established when the 
logic indicates that the proper synchronization pat- 
tern has been received. The four low-order bits of 
F are reset to OO3 in preparation to count succeeding 
bits. However, the continuous hunt bit is not turned 
off. When bit count equals character length, those 
bits, as specified by C, are transferred to process 
storage. Only one synchronization pattern per pro- 
cess control channel can be used. The selection of 
the correct decoder is made by the process control 
channel scanner. 

Note: There may be some difficulties inherent in 
the use of continuous hunt. Bit synchronization data 
may be transferred to process storage as if they were 
valid characters. 
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In sequence three, the programmer inserts the oc- 
tal code, 16 g, in the character control field. When 
a channel word containing the octal code 16g is ac- 
cessed on the first active scan cycle, the following 
action is initiated: 

1. The last timing bit is reset to a logical zero. 

2. The D field is cleared. 

3. The adapter synchronization line is set to a 
logical one. 

4 . The four low-order bits of the F field are in- 
cremented to ITg. 

5. CSDR bits 11-1 and 26-23 are cleared. 

After the adapter synchronization function has been 
completed, the octal code, ITg, places the channel 
word in hunt status. 

In hunt, a 16-bit end-around shift register is formed 
using bits 11-1, 26-23, and the data-in line. A new 
bit is entered into the assembly area, as specified 
by C, and shifted toward the low-order position. 
The low-order position of the 16-6it assembly area 
is equal to C plus one. For example, if C equals 
seven, the low-order position is control storage data 
register 8. A maximum of 15 bits is maintained in 
the shift register. As each new bit is entered, the 
F is not incremented and the characters are not 
transferred to process storage. 

In hunt, 7750 examines the contents of the 16-bit 
assembly area at each new bit time. Character syn- 
chronization is established and hunt status is termi- 
nated when the logic indicates that the proper syn- 
chronization pattern has been received. The four 
low-order bits of the F field are incremented to OOg 
for use as a bit counter, and the channel word is in 
a normal synchronous receive status. 

Logic is provided for two synchronization patterns. 
These patterns may be any combination of logical 
ones and zeros and have maximum lengths of 16 bits. 
Only one synchronization pattern per process con- 
trol channel can be used. The selection of the cor- 
rect decoder is made by the process control channel 
scanner. Hunt and continuous hunt must use the same 
synchronization pattern. 

To initiate sequence four, the programmer inserts 
the octal code 36g in the F field. Sequence three is 
performed, followed by sequence two. A second 
adapter synchronization does not occur. 

If a communication channel has been inactive, that 
is, hold status, or the direction of data flow has 
changed from receive to send, it is necessary to use 
the first active scan cycle to synchronize the adapter 
with the process control. In the new send channel 
word, the programmer must set the character con- 
trol field, F, to 14g or 34g. On the first active scan 
cycle, the channel word automatically performs the 
following functions: 

1. The last timing bit is reset to a logical zero. 



2. A data transfer check is inhibited, and the 
transfer check bit reset to a logical zero. 

3. The adapter synchronization line is set to 
a logical one. 

4. CSDR bits 11-1, 26-25 and 23 are cleared. 

5. CSDR bit 24 is set to a logical one (not error). 

6. The first character of the message is obtained 
from process storage. 

7. The character control field is reset to OOg or 
20g for use as a bit counter. 

It is sometimes desirable to place the channel 
word automatically in a receiving hunt status at the 
end of an outgoing message. The programmer can 
change the channel word by placing a special char- 
acter at the end of the message. This special char- 
acter is called status change character (SCC), as 
described in the Start-Stop Channel Word Section, 
and has the following bit pattern: 3776g. During a 
scan cycle, the recognition of SCC automatically sets 
the four low-order bits of the F field to 16g and the 
low-order bit in the G field to a logical zero, if the 
data-in line is a logical zero and a timing change 
has occurred. When data-in line is a logical zero 
with a timing change the last character has been 
transmitted. Depending on the high-order bit of the 
F field (continuous hunt) , sequence three or four is 
initiated as previously described. 

Channel Errors 



A channel error is defined as an error, detected by 
the 7750, that occurred between the process control 
character assembly /distribution area and a remote 
terminal. The detection of a channel error is auto- 
matic, but the indication of the error — its identity, 
where it occurred, and the corrective action to be 
taken — is the responsibility of the program. 

The present components attached to or contained 
in the 7750 may produce three different types of 
channel errors on high-speed and two different types 
of channel errors on low-speed communication chan- 
nels. 

Low-Speed Channel Errors 

Data Transfer Error: The detection of this error is 
based on the same principles described in the "Data 
Transfer Check" section. The data transfer error 
can only be detected on channels in sending status. 

MCA Parity Error; This type of error can be de- 
tected on all low-speed channels, regardless of their 
status. The multiplexing channel adapter has a stor- 
age with 32 control words, subdivided into four 11- 
bit control characters. Each control character in 
the storage is checked for odd parity. If, on a 



Detailed Description 



39 



matched scan cycle (i. e. , when the MCA control char- 
acter that is read out contains information for the same 
channel whose CWD is located in the CSDR at the same 
time) , the MCA detects a parity error, this error is 
indicated to the process control via the adapter control 
interface error line. 

Indication of Low-Speed Channel Errors to Program: 
Control storage data register bit position 13 is used 
to tag the start-stop channel word when an error 
occurs. Bit position 13 is called not-error bit, that 
is, when CSDR 13 is a logical zero, an error condi- 
tion is indicated. WTien a channel error occurs, the 
not-error bit is automatically set to a logical zero. 
If the start- stop channel word is active (not hold 
status), the address of the channel word is placed in 
the channel service register, service mode is re- 
quested, the channel error trigger (CSR 8) is set 
to a logical one, and the channel check trigger on 
the operator' s panel is turned on, provided that: 

1. CSDR 13 is a logical zero - indicating an error. 

2. Channel service mode has not previously been 
requested. 

3. Service mode has not previously been requested. 

High-Speed Channel Errors 

Control storage data register bit position 24 is used 
to tag the synchronous channel word when a data 
transfer check occurs. Bit position 24 is called the 
not-error bit, that is, a logical zero in CSDR 24 
indicates an error condition. The detection of this 
error is based on the same principles described in 
the "Data Transfer Check" section. When a data 
transfer check occurs, the not-error bit (CSDR 24) 
is automatically set to a logical zero, the address of 
the channel word is placed in the channel service 
register, service mode is requested, the channel 
error trigger is set to a logical one, and the channel 
check trigger on the operator's panel is turned on, 
provided that: 

1. CSDR 24 is a logical zero. 

2. Channel service mode has not previously been 
requested. 

3. Service mode has not previously been requested. 

Time-out tag and interlock errors associated with 
high-speed adapter 2 (HSA2) for half- and full-duplex 
channels are discussed later in the HSA section. When 
a high-speed adapter detects one of the above errors, 
the adapter changes the address lines of the adapter 
control interface so that a CWD different from the 
normal CWD will be accessed the next time the adapt- 
er is selected. For each error condition a unique 
CWD is accessed in control storage. Hereafter, this 
new CWD is referred to as error channel word and 
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Number 


Field 




Logical State 










Interlock 


Time- 


■Out Tag 








HDX 


FDX 


HDX 


FDX 


47-34 


Word Address 


w 


(a) 


(a) 


(a) 


(a) 


33-32 


Character Address 


A 














31 


Last Timing 


- 


- 


- 


- 


- 


30-27 


Character 

Length 


C 


(b) 


(b) 


(b) 


(b) 


26 


Not Hold 


D 


(c) 


(c) 


(c) 


(c) 


25-23 


Not Used 


D 


(a) 


(a) 


(a) 


(a) 


22-20 


Not Used 


E 


(a) 


(a) 


(a) 


(a) 


19 


Not Used 


F 


(a) 


(a) 


(a) 


(a) 


18-15 


Character 
Control 


F 


(d) 


(d) 


(d) 


(d) 


14 


Start- Stop 


G 














13 


Not Error 


G 


1 


1 
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1 


12 


Send/ Receive 


G 














11-1 


Assembly 
Area 
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(a) 
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HDX 


Half Duplex 












FDX 


Full Duplex 












(a) 


May be used by the programmer 








(b) 


Must be 178 " l'*8 
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Must be a logical 


one to activate 


ECWD 






(d) 


Used to clear erroi 


■ condition from adapter 







Figure 21. Error Channel Words 



uses a start-stop CWD format with a character length 
field greater than 13g. See Figure 21. The addresses 
in control storage are used to identify the type of 
error and the channel on which the error occurred. 
When the ECWD is accessed, CSDR 13 is set to a 
logical zero, the address of the ECWD is placed in 
the channel service register, service mode is re- 
quested and the channel error trigger (CSR 8) turned 
on, provided that: 

1. CSDR 26 (not hold) is a logical one. 

2. CSDR 18-15 contains 00". 

3. Channel service mode has not previously been 
requested. 

4. Service mode has not previously been requested. 
In all cases except a time-out tag error, the chan- 
nel check light on the operator' s panel is turned on. 

Identification of Channel Errors 

Any type of channel error for high- or low-speed 
channels will automatically turn the operation of the 
IBM 7750 to the service mode. The program written 
for the service mode must have efficient routines 
for the quick identification of the specific error in- 
dicated and for the initiation of the corrective actions. 

The program must examine the settings of the 
error bits (bits 11-8) in the channel service register 
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in order to execute the proper routine. Because 
each of the three high-order bits in the CSR represents 
one process control error, and only bit 8 can indicate 
one of the five different types of system errors, the 
programmer should check bit 8 first. Next, the pro- 
grammer examines the contents of the seven low- 
order bit positions in the channel service register, 
and through cross references, identifies the channel 
in error and the type of error. Once the error and 
the source are identified, the desired action can be 
initiated without delay. 

Corrective Actions for Channel Errors 

There are no set rules or methods for handling chan- 
nel errors; each error condition depends entirely on 
the configuration and requirements of each individual 
system application and must be presented in the sys- 
tem specifications. The environment of a communi- 
cations network sometimes may be the source of 
conditions resulting in effects recognized as errors, 
when no error occurred. Therefore, the program- 
mer may try out the error indication first to be sure 
of the presence of the signal error before initiating 
a complicated error procedure. To do this, the 
programmer must eliminate the error indication by 
resetting channel words to not-error status and keep 
a count for each error type, by channels, at certain 
storage locations. If the indicated error has been a 
legitimate error, the service mode will be requested 
repeatedly in consecutive scan cycles for that speci- 
fic channel after each resetting; the count will rapidly 
reach the predetermined number required to execute 
certain error routines. At this time, the counter 
must be reset because it is possible that the same 
"illegitimate" error counts. 

The 7750 machine operation should be kept in the 
service mode for as short a time as possible. The 
7750 should only initiate, not execute, error routines 
in this mode. Executing error routines in the service 
mode would block other channels from obtaining ser- 
vice for this or other modes. 

When a time-out tag error occurs, the service 
mode program must load the 14g adapter synchro- 
nization pattern into bit positions 18-15 of the affected 
error channel word immediately after the identification 
of the error. This resets the error condition in the 
channel adapter. 

If a "legitimate" error condition is found, the serv- 
ice mode program must inactivate the channel by 
setting bit positions 26 and 14 of the error channel 
word or the regular channel word (depending on which 
one is used for indicating the error) to logical zeros 
before turning control over to the error-handling 
mode. If no provision is made for this action, control 
will be repeatedly turned over to the service mode 
for the same error, until the error is corrected. 



If the correction of a system error requires "a 
comparatively long time, the traffic of the affected 
channel probably will be rerouted. Normally, the 
computer will initiate such an order. The system 
specifications and the 7750 program must have made 
provisions for these cases in advance. 

The service mode program must turn the channel 
error bit (bit 8) in the channel service register off 
before the service mode request bit is turned off in 
the mode request register. This should be done by 
the instruction immediately preceding the one that 
turns the service mode request bit off. If the in- 
struction for turning the channel service register off 
is given sooner, the contents of the seven low-order 
bit positions of the channel service register may be 
destroyed before the service mode program is able to 
complete the necessary identification procedure. 
Each time an end-of-block is recognized in a channel 
word, the machine logic first examines the status of 
the channel error bit in the channel service register. 
If this bit is off (logical zero) and the channel service 
mode request bit is off in the mode request register 
at the same time, the control storage address of the 
channel word requesting service is placed in the seven 
low-order bit positions of the channel service register. 
The channel service mode request bit is turned on in 
the mode request register. This will happen, whether 
the service mode request bit is on or off. Only the 
on status of the channel error bit prevents the machine 
logic from destroying the error-indicating channel- 
word address or error-channel-word address in the 
channel service register. 

If the service mode program fails to turn the error 
channel bit off, however, the channel service mode 
is blocked for all channels until the bit is turned off. 
The channel error bit can be turned off by a load in- 
struction (LOD) specifying the channel service regi- 
ster (C or 4) as an R register with a blank or zero S 
field; this instruction resets the four high-order bits 
(bits 11-8) in the channel service register at the 
same time. 

Action Delaying Feature 

In some cases, when working with high-speed lines, 
it is necessary to take some action relative to this 
line more rapidly than the normal IBM 7750 program 
is able to do. It also may be necessary to take this 
action after a delay of several character times. The 
sequence of recognizing a character, waiting one or 
more character times, and then taking some action 
relative to a high-speed line is called the action 
delaying feature. An example of its use may be found 
in 9000 series systems, in which it is necessary to 
recognize the go ahead character, wait one character 
time, and then raise the new sync line to the data 
set. 
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The action delaying feature enables the programmer 
to change the E, F, and G fields of the channel word 
automatically during character transmission. These 
new fields are stored in predetermined locations in 
process storage and must be loaded by the program. 
They are addressed by the position of the process 
control channel scanner which supplies A and the 
two low-order bits of W. The new E, F, and G 
field locations for process control channels 1-16 
are permanently wired into addresses 37774, 0„ 
to 37777, 3g, respectively, in a 7750 with a 16K 
storage. For an 8K storage, they are 17774, Og, 

to 17777, 3g, respectively, and for 4K, they are 
7774, Og, to 7777, 3g, respectively. 

A channel is put into the action-delaying mode by 
setting the low-order bit of the E field to a logical 
one in the appropriate channel word. A count equal 
to 3 minus the desired number of character delays 
is inserted into the two high-order bits of the E field. 
The IBM 7750 then examines in parallel the contents 
of the H field, searching for the action delay char- 
acter, during character interrupt. One action delay 
character decoder is provided for each machine. 
Therefore, each 7750 with this feature can have just 
one (arbitrarily chosen) character perform this 
function. 

In send status, the action delay character must be 
included in the number of character delays. However, 
in receive status, the action delay character is ex- 
cluded when counting the number of character delays. 
When the action delay character is recognized, the 
low-order bit of the E field is turned off and the two 



high-order bits incremented. During each succeeding 
character interrupt cycle, the two high-order bits 
are incremented until they change to logical zeros, 
signifying that the E, F, and G fields are to be changed 
at this time. The new fields are automatically trans- 
ferred into the channel word during the E cycle of 
character interrupt. These fields will contain the bit 
pattern necessary to effect the desired change in 
action of this channel. 



Character Interrupt 

Character interrupt is the interruption of a normal 
machine cycle for the purpose of transferring a 
received character to process storage or obtaining 
a new character from process storage for transmission 
(Figure 22). The execution of a program is not dis- 
turbed at the time character interrupt occurs. How- 
ever, character interrupt does delay the program by 
one machine cycle. If a request for a mode change 
occurs just before character interrupt, the mode 
change is delayed by one machine cycle. 

The character interrupt trigger is set when a 
complete character has been received or transmitted. 
The address of the channel word is held at the control 
storage address register during the interrupted pro- 
cess cycle. The address (W) in the channel word 
addresses process storage prior to the interrupted I 
cycle. During the interrupted I cycle, the process 
storage is read, and the character is transferred via 
the character bus. In start-stop send, synchronous 
send, and start-stop receive, 11 bits are transferred. 
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In synchronous receive, only those bits specified by 
the character length in the channel word are trans- 
ferred to the process storage. At the end of the in- 
terrupted I cycle, the word in PSDR is read back into 
process storage, and the channel word address (W) 
is incremented. If the five low-order bits of the in- 
cremented character address are all ones, channel 
service is requested. The channel word is re-stored 
at the end of the interrupted P cycle and character 
interrupt is terminated. 

Channel Service 



A channel service program obtains new blocks of 
storage for receiving channels, and locates the next 
new block of a sending chain for sending channels. 
The programmer must prepare a program for this 
function. The end of a block in storage is detected 
when the three low-order bits of W and the two bits 
of A are all ones. These five low-order bits request 
channel service. If the channel service mode request 
and channel error bits are off and the channel word 
does not indicate an error condition, the contents of 
the control storage address register are transferred 
to the channel service register. This preserves the 
address of the channel word requiring service. The 
channel service mode request trigger is turned on, 
and a mode change occurs at the appropriate time. 
The channel service mode select trigger initiates 
the channel service program and the channel word 
address is set to the starting address of a new block 
of storage. When channel service mode is completed, 
the channel service mode request trigger is reset 
by the programmer. 

The failure of a channel to get service before a 
complete character has been received will result 
in the loss of the character. If a complete character 
is transmitted before channel service is obtained, 
logical zeros will be transmitted as the next char- 
acter. 



Interface Control Register 



Service Response Bit (Bit 11); This bit is set by the 
host computer when service request is answered, or by 
a load or inclusive-OR instruction with a bit in char- 
acter position 11. When the service response bit is 
set by the host computer during copy mode, the con- 
trols allow the normal continuation of this mode. 
When this bit is set by the program (7750 not in copy 
mode), diagnostic testing can determine if it was set 
by such instructions as branch on test and branch on 
zero indirect. This bit can be reset automatically by 
copy mode controls, by the instruction AND to IFCR 
with no bit in character position 11, or by operator 
reset. 

Service Request Bit (Bit 10): This bit is set auto- 
matically by copy mode controls or by the instructions 
LOAD or inclusive-OR to IFCR with a bit in char- 
acter position 10. The setting of this bit allows the 
7750 to provide service request to the host computer 
or diagnostic checking by the program. This bit may 
be reset automatically by copy mode controls on re- 
ceipt of service response stop, or end response, or 
by: 

1. Instruction AND to IFCR with no bit in char- 
acter position 10. 

2. Load or inclusive-OR to IFCR 11 

3. Operator Reset 

Computer Reset Bit (Bit 9) : This bit is set by the fall 
of the operation "in" line or the instruction LOAD 
IFCR with a bit in character position 9. When set, 
this position resets all positions of the IFCR except 
IFCR 9. The in/out buffers, command response, 
copy mode controls, and copy mode request are all 
reset. This bit is reset by the instruction AND to 
IFCR with no bit in character position 9 or by operator 
reset. 



TRANSMISSION BETWEEN THE COMPUTER AND 
THE 7750 

Two registers, the interface control register (IFCR) 
and the interface data register (IFDR), are used in 
conjunction with the necessary control circuits to 
transmit data or control information to the computer 
from the 7750 or to receive data control information 
from the computer. These two directions of trans- 
mission are the 7750 out and in operations, respect- 
ively. The interface control register is shown in 
Figure 6. The interface data register is a one- 
character buffer used to facilitate the character 
transfer. 



Load Bit (Bit 8) ; This bit is set to a logical one by 
the 7750 program or manually by depressing the load 
key to allow the 7750 to differentiate between loading 
of three-bit bytes and character transfer. It is reset 
by the 7750 program or 7750 reset key. The output 
of the load bit is not interrogated by the host computer. 

Attention Bit (Bit 7) : This bit is set to a logical one 
by the 7750 program to send an attention signal to the 
host computer. The program specification must point 
out the condition permitting this signal to be sent. The 
attention bit is reset by the attention response signal 
from the host computer. It is also set when the load 
key is depressed. 
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Control Bit (Bit 6): This bit is associated with the 
in mode. The in mode program must test the status 
of this bit position to determine if a read or control 
command was sent. If the bit is on, the program 
must initiate the action specified for such a case. 
For example, when the control bit is on, the host 
computer can indicate that the next transmission is a 
control message not exceeding 10 characters; there- 
fore, the 7750 in mode program may set a copy word 
for only one block. This block may represent a dif- 
ferent area from the one used for data transmission. 
Provision can also be made to examine the contents 
of this control message as soon as its transmission 
is terminated. If the control bit is off, the host com- 
puter indicates normal transmission and the input 
area must be set up for data transmission. The in 
mode program may turn off the control bit. The con- 
trol bit is also reset by the end response signal from 
the computer. 

Sense Bit (Bit 5): This bit is associated with the out 
mode. The principles of operation for this bit, with 
reference to a read command, are the same as for 
the control bit in the in mode. This bit is turned on 
by the 7750 when it receives a sense signal from the 
host computer and is turned off by the same condi- 
tions that turn off the control bit. 

Stop Bit (Bit 4): This bit is set by the host computer 
whenever it terminates a data transfer operation. 
Normally, an in operation is terminated by the host 
computer and an out operation by an equal compare 
of address and limit in the copy word of the 7750. 
This bit must be turned off by the 7750 out or in mode 
program. 

End Bit (Bit 3): This bit must be turned on by the 
IBM 7750 out or in mode program to signal that a valid 
transmission to or from the host computer after the 
checking procedure following termination of a copy 
mode operation is completed. This bit is turned off 
by the 7750 upon the recognition of an end response 
signal from the host computer. 



The 7750 out mode or in mode program must reset 
all bits in the interface control register before turn- 
ing the request bit off in the mode request register, 
causing the machine to leave the out or in mode. 

The In Operation: Transmission from the Computer 
to the IBM 7750 

In Mode 

Transmission of data from the computer to the IBM 
7750 can be initiated by the 7750 program. The pro- 
gram brings up the attention line to the computer via 
the attention bit in the IFCR. The computer then 
brings up the attention response line to the 7750 
which resets the attention bit. 

The computer must be programmed to bring up 
the control line or write line to the 7750. This may 
be done with or without a prior attention from the 
7750. The control line sets the control trigger of 
the IFCR and the in trigger of the mode request 
register; the write line will set only the in trigger 
of the mode request register. This sets a command 
response trigger, the output of which is sent to the 
computer on the command response line. The 7750 
then goes into the in mode, and the program examines 
the IFCR to determine whether write or control was 
given by the computer. The in mode program turns 
on the copy trigger of the mode request register 
(MRR), leaving the in trigger on. At the beginning 
of the next I cycle, copy mode commences. 

Prior to entering copy mode, the program will 
have set up the copy word with the beginning (W) 
address and ending (Limit) address of the location 
where the data are to be stored. It is required that 
the programmer establish a maximum length for 
messages received from the computer. This deter- 
mines the limit of the copy word. 

During in mode, it is the responsibility of the pro- 
grammer to insure that the IFDR is cleared before 
entering copy mode. 

Copy Mode 



Unusual End Bit (Bit 2) : This bit is turned on by the 
7750 out or in mode program to signal an incomplete 
or invalid transmission to or from the host computer 
as a result of the checking procedure after a termi- 
nated copy mode operation. For resetting this bit, 
the same principles apply as for the end bit. The 
required corrective actions must be described in the 
host computer program. 

End Response Bit (Bit 1) : This bit is automaticallj^ 
set up upon reception of a signal from the host com- 
puter as a response for an end or unusual end signal. 



When transmitting from the computer to the 7750, the 
latter, by setting the service request trigger on, will 
ask for a character on an average of every 14 micro- 
seconds (without interrupts) provided the computer 
answers by turning on the service response trigger 
and by placing a character on the write bus within 5. 5 
microseconds of the request. When the computer 
replies with aservice response within the required time, 
the 7750 normally transfers the character to the appro- 
priate location in the process storage data register 
(PSDR), and proceeds to the next character. When 
in copy mode, the 7750 increments the W address in 
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the control storage data register (CSDR-W) after each 
transfer of a character from the IFDR to the PSDR. 

During normal operation of copy mode, the CSDR-W 
is placed in either process storage address register 
2 or PSAR-1 to bring out of process storage the word 
into which the incoming character will be stored. The 
address register used is contingent upwn the portion 
of the machine cycle during which the transfer takes 
place. Address transfer does not take place during 
character interrupt because the character bus is in 
use at that time. 

Interruption or Termination of the In Operation 

The normal transfer of characters into process stor- 
age may be interrupted or terminated for several 
reasons. 

When the five low-order positions of CSDR-W be- 
come ones, the D character addressed contains the 
11 high-order bits of the address of the next block 
in the chain. These 11 bits are transferred to the 
high-order positions of the CSDR-W and the 5 low- 
order bits of CSDR-W are cleared. This procedure 
sets up the correct process storage location for the 
next incoming character at the loss of one storage 
cycle. 

In addition to the five ones test, the address and 
limit of CSDR are compared. If the addresses com- 
pare, the allotted storage space has been exhausted 
and the present or any future character of this mes- 
sage will not be received unless the programmer pre- 
pares a new chain for the remainder of the message. 
If the 7750 leaves copy mode because the address and 
limit compare equally, a service-request signal has 
already been issued to the host computer. Normally, 
the stop command from the host computer would 
cause the 7750 to leave copy mode. This equal com- 
parison between address and limit is an unusual con- 
dition. A successful comparison of the address and 
limit of the copy word in CSDR sets an address com- 
pare trigger, resets the copy mode request trigger, 
and causes the IBM 7750 to go into the in mode. 

The in operation will be terminated if the computer 
sends the stop signal. Stop resets copy mode request 
and causes the 7750 to revert to in mode. In this 
case, the in mode program turns on the end trigger 
of the IFCR after it has completed the necessary 
housekeeping which normally follows the termination 
of copy mode. If the 7750 program detects that an 
address compare caused termination of the in opera- 
tion (by the stop trigger being off or service response 
on), the decision is left to the programmer whether 
the end trigger or the unusual-end trigger of the 
IFCR should be set at the end of in mode housekeeping. 

The 7750 exits from copy mode with the address 
contained in the CSDR-W equal to one character 
location more than the location of the last character 



stored. The block control character is not con- 
sidered a character location in the chain. 

The computer may send a service response and a 
stop signal at the same time. In this case, the 7750 
will accept the character from the computer. 

No character transfer, address incrementing, or 
address test can be performed during a character 
interrupt cycle. 

A copy delay trigger is used to control the time at 
which copy mode operations are initiated and termi- 
nated. It delays the start of copy mode operations 
until a particular cycle time is reached and also 
delays the termination of copy mode into the next I 
cycle following the reset of the copy mode request 
trigger. Prolonging copy mode operations at the 
termination of copy mode is necessary to complete 
the character transfer in progress. If either channel 
service or service mode is requested, the copy delay 
trigger will delay the in operation until such time as 
the 7750 returns to copy mode to complete the in opera- 
tion. 

Copy Proceed and Inhibit Triggers 

The IBM 7750 proceeds with the in operation by 
sampling the status of various triggers on an average 
of every 14 microseconds. The purpose of sampling 
is to control acceptance of characters from the com- 
puter to allow for conditions which interrupt character 
transfers. A copy proceed gate is used to control 
the sampling, which in turn determines any'of the 
following conditions: 

1. The character interrupt trigger is on. 

2. The service request trigger is on. The com- 
puter has not answered the last service request. 

3. The address compare trigger is on. 

4. The five ones trigger is on. 

5. The copy mode bit of the MRR is off. 

6. The Z time-out trigger is on. 

7. The copy mode status bit of the MSR is off. 

The existence of one or more of the above condi- 
tions will set the inhibit trigger which will be used to 
stop the generation of various character transfer 
gates, the generation of the next service request, the 
incrementing of the CSDR-W, and the generation of 
various reset pulses. In this manner, the normal 
transfer of characters to process storage will be 
controlled. 

In order to block incrementing the CSDR-W until 
the first character is accepted, the inhibit trigger 
will always be on during the first half-cycle of in or 
out operations. It can only be reset at copy proceed 
time during copy mode status if none of the six pre- 
viously mentioned conditions is present. This pre- 
vents the IBM 7750 from proceeding with any charac- 
ter transfers until the condition causing the inhibit 
has been removed. 
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If the stop trigger of IFCR is on at copy proceed 
time, the copy mode request bit of the MRR will be 
reset. 



Method and Conditions for Generating a Service 
Request 



There are three separate conditions in which a serv- 
ice request will be issued during copy mode for the 
purpose of requesting transmission of a character 
from the computer. 

The 7750 will issue a service request at the start 
of a message under a different set of conditions from 
those existing during the message transmission. If 
the in mode request trigger is on, and the service 
response trigger is off, the service request trigger 
will be set on when the copy delay trigger is set on. 
This and the program are the only circumstances 
under which a service request may be issued while 
the inhibit trigger is on. 

Service requests will be made by the 7750 after 
each copy proceed if, at copy proceed, the inhibit 
trigger was off and the copy delay trigger was on. 
No service request will be issued at any time if the 
IFCR stop trigger is on during the time that the in 
mode request trigger is on. 

If the inhibit trigger is off during the time the copy 
delay trigger is on, service response will be reset 
immediately after copy proceed, but before another 
service request is issued. 

A service response or a stop signal will reset the 
service request trigger. 

It is desirable to prevent the associated computer 
from tying up the 7750 in copy mode while the latter 
is waiting for a service response from the computer. 
The countdown counter in positions 11 through 1 
(Z field) of the CSDR is used to count the number of 
7750 cycles that elapse from the time a service 
request is issued until the computer mal-ces a service 
response. The program sets all the Z field bits to 
logical zeros before setting the copy mode request 
bit of the MRR. The Z counter is decremented and 
then tested once each copy mode cycle . If all the 
bits in the Z field become logical zeros before the 
computer responds with a service response or a 
stop, the copy mode request trigger of the MRR is 
reset. The program returns to out or in mode, 
where it must determine the reason for leaving copy 
mode. It checks the IFCR for normal completion 
of the mode. It can also check the copy word for an 
address compare or a failure of the computer to re- 
spond. When the reason for leaving copy mode has 
been determined, the program takes the desired 
action. 



The Out Operation: Transmission from the IBM 
7750 to the Computer 

The Out Mode Operation for Entry Into Copy Mode 

The out operation is similar to the in operation pre- 
viously described, although the data flows in the 
opposite direction. Much of the logical circuitry is 
common to both operations. The inhibit, copy delay, 
address compare, and five ones triggers are used 
for both operations. 

Transmission of data from the 7750 to the com- 
puter can be initiated by the 7750 program. The 
program sends an attention signal to the computer 
via the attention bit in the IFCR. The computer then 
sends an attention response to the 7750, which resets 
the attention bit. The computer must be programmed 
to bring up either the read or sense line to the IBM 
7750. Thereadline sets the out bit of the mode re- 
quest register. The sense line sets the sense bit of 
the IFCR and the out bit of the mode request register 
(MRR) See Figure 7. The program for out mode 
will examine the IFCR to determine if the sense bit 
is on. Prior to entering copy mode, the program 
will have set up the copy word with the address and 
limit of the chain to be transmitted to the computer. 
The program then sets the copy bit of the MRR, 
leaving the out bit on. The copy mode has higher 
priority than out mode, and consequently the 7750 
goes into copy mode at the start of the next I cycle. 

Copy Mode Character Transfer 

When transmitting from the 7750 to the computer, 
the 7750 indicates that it has placed a character on 
the read bus by turning on the service request bit. 
This is done twice every 28 microseconds, provided 
the computer accepts characters at this rate, and 
provided the 7750 is not interrupted by conditions 
described for the in operation. The 7750 will test 
the service response trigger every half cycle for the 
existence of a service response. When the computer 
responds by accepting a character and giving a service 
response, the 7750 will transfer the next character 
from the process storage to the IFDR and issue 
another service request. 

Interruption or Termination of the Out Operation 

The out operation is terminated in a similar way to 
the in operation. 

As in the in operation, a test is made on the copy 
word for five ones in the low-order bits of the 
CSDR-W. Similarly, the new block location, in the 
case of a successful test, will be accessed from the 
PSDR while in copy mode. 
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A test is made for equality of the address and 
limit of the CSDR, as in the in operation. If the 
addresses are equal, the 7750 has transmitted the 
contents of the current chain and the copy mode re- 
quest trigger is reset, causing the 7750 to revert to 
out mode if no higher modes are requested. 

If neither the address compare test nor the five 
ones test is successful, CSDR-W is placed in PSAR2 
or PSARl in order to access the process storage 
character which is to be transmitted to the computer. 
The character is taken from the PSDR, placed in the 
IFDR via the character bus , and the service request 
bit is turned on. The CSDR-W is again incremented 
and the previous two tests repeated. 

The computer may terminate the out operation by 
sending a stop signal which sets the stop bit of the 
IFCR. The last character is available to the com- 
puter on the read bus at this time; the computer has 
the choice of taking or ignoring this character. The 
stop signal resets copy mode request, and causes the 
7750 to revert to out mode. The end or unusual end 
trigger then is set as it was for the in operation. 

The 7750 will exit from copy mode with the CSDR-W 
equal to one character location farther in the chain 
than the location of the last character transmitted. 
The block control character is not considered a char- 
acter location in the chain. 

After a successful address compare, the 7750 does 
not exit from copy mode during the out operation 
until the service response is received. This acknowl- 
edges that the computer has accepted the final char- 
acter, which was on the read bus at the time. The Z 
field counter previously mentioned prevents the 7750 
from becoming stalled in copy mode for lack of a 
computer service response. 

The computer can give either a read or a sense 
command to the 7750 without the 7750 giving a prior 
attention signal. 

A character interrupt, a mode change to a higher 
priority mode, or a failure of the computer to pro- 
vide a service response signal within a specified 
time will insert delays between transmission of 
characters. 



LOADING THE IBM 7750 

Load Trigger and Load Counter 

The load trigger in the IFCR controls loading and un- 
loading of complete 48-bit words to and from process 
storage. This load trigger can be set from the load 
key on the operator's panel or by the 7750 program. 
When this trigger is on, the 7750 responds to a read, 
write, sense, or control command from the computer 
in a manner different from, that previously described. 



It executes the out or in operation normally except 
that 16 characters of three bits each are stored in 
or transmitted from a single word. A four-bit load 
counter is used to control the number of characters 
that can be loaded into each word. The 16 characters, 
which constitute one word, are placed into or received 
from the 1, 2, and 3 positions of the IFDR* and are 
stored in or taken from PSDR positions 47-45, 44-42, 
41-39, 38-36, 35-33,32-30, 29-27, 26-24, 23-21, 
20-18, 17-15, 14-12, 11-9, 8-6, 5-3, and 2-P under 
control of the load counter. When a complete word 
is assembled into the 7750, position P, the word 
parity bit, is checked to insure proper loading. The 
load counter is reset after each 16 count and when 
the load bit of the IFCR is reset. 

Loading Under Program Control 

To load or unload the IBM 7750 by program, the 7750 
is put into in or out mode in the same manner that was 
followed in the previous sections. When in out or in 
mode, however, the appropriate program sets the load 
trigger of the IFCR. The program then sets up the 
address and limit and turns on the copy mode request 
trigger. Loading or unloading starts from the address 
of the copy control word and continues in sequential 
storage locations until the computer signals stop or 
the limit and address of the copy word compare. 

After a complete word has been assembled or 
transmitted from a given word address, the address 
of the copy control word is incremented by one word 
location, in order to access the next word in process 
storage. 

The three-bit byte transmission is continued in the 
normal in or out mode. No test for five ones will be 
made when the load trigger is on. When loading or 
unloading is completed, the IBM 7750 proceeds to the 
program determined by the MRR. 

Loading Under Manual Control 

The 7750 must be in a program stop status at the 
time the operator initiates a manual load. All trig- 
gers and registers must then be reset by utilizing 
the reset switch or the clear switch, depending on 
whether the storages are to be cleared or to remain 
unchanged. 

Pressing the load key will set on: 

1. Load trigger of the IFCR 

2. Manual load trigger 

3. Attention trigger of the IFCR 

4. Mode change trigger 

5. Stop-start trigger 



* Odd parity on these three bits is placed in IFDR 9 by the 7750 
during unload. 
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The manual load trigger is kept on until the first 
word has been loaded or unloaded. 

When the manual load trigger is on and no read or 
write command is received from the associated com- 
puter, the mode change trigger will be kept on. This 
prevents the 7750 from executing instructions and, 
consequently, from stopping on an operation code 
parity error on the words that were previously reset. 
A write command from the computer sets the in trig- 
ger of the MRR. Because the manual load trigger is 
on, the copy mode request trigger will be set on im- 
mediately, allowing the mode change trigger to be 
reset. When the copy P-word is read out for the 
first time during manual load, it is reset so that 
loading starts from address zero in process storage. 
When the 7750 goes into in mode, the in mode P-word 
is reset when first read out, causing the in mode pro- 
gram to start at the instruction in address zero of the 
process storage. 

The address compare for the first 16 characters 
is inhibited by the manual load trigger. This trigger 
is reset when the first word has been assembled into 
the PSDR, 

When loading of sufficient instructions is completed 
the IBM 7750 will revert to in or out mode because of 
a Stop signal, address compare, or Z time-out con- 
dition. Thereafter, any further loading will be under 
control of the instructions previously loaded. 

During both manual and program loading operation, 
the 7750 continues its scanning of the process con- 
trol channels. The programmer must take precau- 
tions to insure that the scanning does not interfere 
with the loading routine. The control storage must 
be loaded by the 7750 program, which also resets 
the load trigger of the IFCR on completion of the 
loading routine. The Z counter operates in the same 
manner as for normal data transfers. That is, when 
the Z counter is decremented to all zeros, it causes 
the 7750 to exit from copy mode. However, the Z 
counter will not cause the machine to exit from cot*»v 
mode until the first word has been completely loaded 
under manual load conditions. 

As in the normal data transfer operations while in 
copy mode only, in mode or out mode, but not both, 
may be requested at any one time. 



PROGRAMMING ASPECTS 

Z Tiine-Out Trigger 

During 7750 operation, it is desirable to prevent the 
computer from setting the stop trigger in the IFCR 
when the 7750 is not in copy mode. This allows the 
programmer (by testing the stop trigger) to get a 
true indication of the reason the machine left copy 



mode. Otherwise, the Z-counter may decrement to 
all zeros and there is the possibility that the stop 
trigger may be set on after the 7750 leaves copy mode 
but before the programmer can test It. Then, it might 
be incorrectly concluded that the computer caused the 
exit from copy mode. The programmer may, con- 
sequently, branch to the wrong place in his program. 

To insure correct operation, the output of the stop 
trigger is gated with the output of the Z time-out trig- 
ger. This trigger is set on when a Z-counter has all 
zeros. It is turned off whenever stop or service re- 
sponse are on during any of the succeeding times when 
the machine re-enters copy mode. While the trigger 
is on, the output of the IFCR stop trigger is de-gated 
to the character bus, thus making it appear to the 
programmer that the stop trigger is not on. 

If the programmer finds the stop trigger off after 
exiting from copy mode, and that no address compare 
occurred, then he assumes that the Z-counter decre- 
mented out. Should stop come after the copy mode 
exit, the programmer can do one of two things: 

1, He can set copy mode request and the 7750 will 
accept one character before exiting again. 

2. He can give end or unusual end to the computer 
if he knows by system operation that the "Z- 
counter = 0" signal means an inoperative com- 
puter. (In the 7750 console, the Z-counter may 
decrement to zero many times between cards 
even though the card reader is operational.) In 
this case the computer end response will reset 
stop trigger and the Z time-out trigger. 

He can turn on the interface reset (bit 9 of the IFCR) 
if the computer is inoperative. This will reset stop 
and Z time-out triggers and the in and out buffers. 



Copy Address Compare Simultaneous with Five- 
Ones Condition 

A problem arises when the programmer wishes to 
exit from copy mode because of an address compare 
and wishes to store all 31 characters in the last block. 
He cannot place an address with five low-order ones 
in the limit since it is necessary to exit from copy 
mode with the address one more than the location of 
the last character stored. (The block control char- 
acter is not considered to be a position in the block. ) 
Under these conditions, the address at the time the 
copy mode is finished cannot be predicted. 

To solve this problem, place all zeros in the 
block control character of the last block and make 
the limit all zeros. When the five-ones condition 
occurs, the D field will be accessed and will set the 
address to zero also. The zeros in both addresses 
give an address compare and cause a correct termi- 
nation of copy mode. 



48 



Interface Parity 

The 7750 computer interface uses odd parity. This 
odd parity is generated in the high-order bit of the 
IFDR when the 7750 is unloading. When BCD or other 
character codes are being sent on the read bus, the 
7750 program will insert the odd parity bit. No parity 
check is wired in for incoming characters on the 
write bus. However, as mentioned in the section on 
loading, a parity check is made on all 48 bits when 
the 7750 has completed the loading of a full word. 



Continuous Read or Write of One Storage Location 

A method exists in the copy mode controls for con- 
tinuously reading and writing one address in process 
storage. The programmer may execute this type of 
operation for diagnostic purposes by setting up a copy 
P-word so that the Z field contains logical zeros in 
all but the low -order bit position, which has a logical 
one. The contents of the address are the storage ad- 
dress to be used. The programmer then sets on the 
copy bit of the MRR leaving in and out bits off. This 
forces a Z time-out on the first cycle and the Z time- 
out trigger can then be used to hold the inhibit trigger 
on during the subsequent times the program re-enters 
copy mode. The advantage of this system is that two 
storage accesses per 28 microsecond cycle are pos- 
sible, which is significantly faster than the same 
operation carried by 7750 instructions only. No 
service request is given to the computer by this 
method. 



Use of Address Compare 

This section discusses the use of address compare 
for copy mode termination. First, for in mode, if 
the addr3sses compare and the allotted storage space 
has been exhausted, the present and any future char- 
acters of this message are received unless the pro- 
grammer prepares a new chain for the remainder of 
the message. The "present" character means that 
a service request is issued by the 7750 at the time it 
finds that the limit and address compare. If the com- 
puter sends a service response, then any information 
sent is not stored by the 7750. This extra service 
request may be prevented only if the computer or con- 
sole gives a stop with a delay of no more than four 
microseconds from the time the previous service 
response was sent. If this extra service-request 
signal is sent, and the computer sends a character 



and a service-response signal, then the service- 
response Indicator will be on, and the character will 
be in the IFDR when the 7750 leaves copy mode. It 
is then up to the program to either store the char- 
acter or go back to copy mode with another block of 
space, or else send an unusual-end signal. 

It is difficult to terminate the output transfer of 
characters from the 7750. In order to transmit to 
computers at a maximum speed of two characters 
per machine cycle, it becomes necessary to set up 
the next process storage address before the service 
request for the previous character has been sent. 
Consequently, when a computer or console sends a 
service response followed by a stop, two address in- 
crements may take place after the last character is 
sent. It is, therefore, inadvisable to permit this 
type of termination of output operations. Alterna- 
tively, output operations should be terminated by one 
of two methods: 

1. Address compare. 

2. Stop issued during the time service request is 
on and not accompanied by a service response. 



ERROR CHECKING 

Checks 

Full Word Transfer Check: When full words are 
transferred between control storage data register 
and process storage data register, the parity bit P 
is also transferred. After the transfer, a difference 
between the CSDR and PSDR indicates an error. 

Parity Check: Process storage and control storage 
have a parity bit P associated with each word. Be- 
fore writing into either storage, P is generated so 
that the word has odd parity. An odd parity check 
is made after reading a word from either storage. 

Instruction Register Parity Check: An odd parity 
check is made on the operation code, bits 1-10, and 
flag data, bits 12 and 13, of the instruction register 
and the parity bit. Bit position 11 is the parity bit 
located in process storage data register, and is gen- 
erated by the assembly program. When an instruction 
operation code is changed in the 7750, the operation 
code parity must be odd. 

Clock Check: The clock in the 7750 is checked for 



(a) multiple pulses or (b) no pulses. 



Channel Check: There are 16 channel check lights 
mounted on the operator' s panel, one for each 7750 



Detailed Description 
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process control channel. Because each high-speed 
communication channel is connected to one (or two 
if full-duplex) 7750 process control channel through 
a high-speed channel adapter, each light numbered 
represents a corresponding high-speed communica- 
tion channel. Therefore, if a channel check light 
goes on, it means that a channel error has occurred 
in the high-speed channel associated with that light. 
For low-speed operations, when a channel check 
light goes on, it indicates that a data transfer error 
has occurred on one of the low-speed communica- 
tions channels attached to the MCA; or that an MCA 
storage parity error has occurred. The number of 
the channel check light is not associated with the low- 
speed communication channel in error, but with the 
MCA it is connected to. 



Error Procedure 



OPERATOR' S PANEL 



The operator's panel (Figure 23) contains three 
groups of switches and lights: 

Power Controls and Indicators 



Whenever an error occurs, the 7750 sets the error 
trigger and either requests service mode or stops 
the machine, depending upon the setting of the check 
switch. Two types of errors, clock check and in- 
struction parity check, always stop the machine. A 
channel check always requests service mode if the 
channel word is active. The remaining checks, full 
word transfer check and parity checks (either process 
storage or control storage) , can stop the 7750 or re- 
quest service mode. Whether to stop the machine or 
to request service mode depends on the position of the 
check switch on the operator's panel. If the check 
switch is set to the service position, the 7750 will go 
into service mode when any one of the three errors 
occurs. 

The full word transfer, process storage parity, 
channel check, and control storage parity check trig- 
gers are actually part of the channel service register. 
Program instructions can unload, test, or reset these 
four positions. The execution of a LOD CSR instruction 
resets these four positions. If it is desired to bring 
the 7750 to a program stop status while the check 
switch is set to service position, the program must 
execute an instruction which contains an even parity 
configuration in the op code and flag data field. 

If the check switch is set to the stop position, a full 
word transfer, process storage, control storage, or 
MCA parity check will stop the 7750 clock from ad- 
vancing and the error condition will be displayed on 
the CE panels. 

When a clock or instruction parity error is detected, 
the clock is halted in place and the program stop and 
check lights will come on. However, since the clock 
has not completed its cycle, the automatic lights will 
still be on. The operator's panel check indicator re- 
mains on until the reset key or clear key is pushed. 



Switches and Keys 
Power off/Power on 
DC on 
DC off 

Lights 
Thermal 
Power on 
DC on 

Circuit breakers 
Blower 

Control Switches and Keys 

The Stop Key sets the stop- start bit to stop status at 
the end of the execution of a machine cycle. When 
the stop-start bit is set to stop status, the clock 
continues to step until the early part of I time of the 
next machine cycle. 

The Start Key starts the clock. The IBM 7750 must 
be in program-stop or clock-hold status for this key 
to be effective. 

The Load Key sets the load bit and the attention bit 
in the interface control register, and starts the 7750 
clock, enabling the associated computer to load the 
7750. The 7750 must be in program-stop status for 
this key to be effective and reset or clear must have 
been depressed. 

The Channel Reset Key resets all channel check indi- 
cators and MCA storage error triggers. 

The Reset Key generates a reset to all internal 
latches and triggers. The 7750 must be in program 
stop status for this key to be effective and the auto- 
matic light must be off. 

The Service Mode Key sets the service mode request 
bit on. 

The Service-Stop Check Switch, when set in the 
service position, causes the 7750 to enter service 
mode when certain checks occur. When this switch 
is set to the stop position, the 7750 will go to clock 
hold status when certain checks occur. 
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Figure 23, Operator's Panel 



The Clear Key clears both control storage and pro- 
cess storage and resets all registers and triggers. 
The 7750 must be in program stop or clock-hold 
status for this key to be effective. 



The CE Test Light g oes on whenever the IBM 7750 
process control or MCA is in customer-engineering 
test status. It goes off when the customer engineer 
turns a switch causing the 7750 to return to normal 
operation. 



Operation Monitors 

Mode Status Lights, one for each mode, indicate 
which mode the 7750 is in. Each light goes off as 
the 7750 changes to another mode, i.e. , only one 
light will be on at one time. 

Channel Check Lights , one light for each channel, 
indicate that a channel error has occurred. See 
"Channel Check" under "Error Checking." It is 
possible to reset these lights by pressing the channel- 
reset key without interfering with the process control 
in the 7750, 

The Check Light goes on whenever an error occurs in 
the process control. It can be turned off only by 
manual reset. See "Error Checking," 



The CLT Wrap-On Light goes on whenever the com- 
munications line terminator is in wrap-around status 
(the CLT switch has been turned to WRAP). It goes 
off when the CLT switch (just below the patch panel) 
is turned to the forward position. 

The Interface Reset Light goes on whenever the inter- 
face-control-register bit 9 is on. This bit comes on 
when the host computer has issued a reset instruction 
or manual reset causing the 7750 to reset: Z time- 
out, copy five ones, command-response triggers, 
and remainder of the interface control register 
(except position 9). 

The Load Light indicates that the 7750 is loading in- 
formation from (or unloading to) the host computer. 
The light stays on until the program resets the load 
bit in the interface control register. 
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The Automatic Light indicates that the 7750 is under 
the control of its own program , unless it has been 
halted by a check, in which case the program stop 
light would also be on. The light goes off when the 
main timing clock is not advancing (and all operations 
have halted normally). 



The Program Stop Light goes on when the IBM 7750 
clock stops or is held by an error condition or single- 
cycle step. It goes off when the clock starts and the 
automatic light goes on. 



High-Speed Channel Indicators 

In addition to the above switches, keys, and lights, 
a panel of high-speed channel indicators and speed 
selectors is included for each group of from one 
through four FM high-speed channels used in the 
system configuration. The operator sets the switches 
to the speed (600 or 1200 bits per second) of the 
transmission capability of the line and the remote 
equipment for each high-speed line. The lights re- 
flect the operating status of each of the high-speed 
lines; 

Request to Send (1,2,3,4): The appropriate channel 
light comes on when the 7750 has data to send on this 



high-speed line and has sent a request-to-send sig- 
nal to the data set. It goes off when the channel word 
is changed to receive. 

Clear to Send (1, 2, 3, 4): The appropriate channel 
light comes on following a clear -to-send signal from 
the data set (in response to a request-to-send from 
the 7750). It goes off as soon as the 7750 drops its 
request to send. 

Subset Ready (1, 2, 3,4); This channel light, when 
on, indicates that the 7750 is connected to the data 
set (modem for this channel) and that the data set has 
power on. 

Carrier On (1, 2, 3, 4): This light indicates that either 
idle signals or data signals are being received from 
or sent to the remote end of the transmission line. 
It goes off as soon as an interruption occurs between 
the two terminals. 

Receive Data (1,2,3,4): This light indicates that 
data signals (binary) I's are being received from the 
remote end of the transmission line. It goes off 
whenever data 1 bits are not being received. Con- 
sequently, to the operator it is a dim light, flicking 
on and off frequently. 

Send Data (1, 2, 3,4); This light indicates that the 
7750 is sending data (1 bits) to the transmission line. 
It goes off whenever 1 bits are not passing out from 
the high-speed portion of the 7750. 
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CHANNEL ADAPTERS 



The communications system of a customer may be 
composed of a number of different types of com- 
munications services. For example, there are 
telegraph machines, operating at 60, 75, and 100 
wpm, employing both polar and neutral signaling. 
A variety of digital data sets, made by communi- 
cations companies, are used. Few of these devices 
employ the same signal levels, or bit rates, and 
they must all be integrated into many Tele- 
Processing systems. In order to join the IBM 7750 
economically to a customer's system, various 
channel adapters are used. 

These channel adapters, according to type, per- 
form a variety of functions. Some types control 
digital data sets, while others time-multiplex a num- 
ber of low-speed communication channels into one 
or more high-speed channels. 

The principles underlying the design of the various 
adapters are those of providing flexibility to meet 
the needs of the customer, while taking advantage 
of the power of a stored program processor to re- 
duce the cost and complexity of the equipment per 
communications channel. 



MULTIPLEXING CHANNEL ADAPTER 



The Multiplexing Channel Adapter (MCA) is a chan- 
nel concentrator and speed changing device (Figure 
24). It derives data from a number of incoming chan- 
nels by a scanning and sampling technique, and 
transfers these data, together with generated timing, 
to the process control. The MCA accommodates up 
to 28 low-speed, half-duplex channels plus one test 
channel and communicates with the process control 
via one or more high-speed communications channels. 
The maximum bit rate on a channel connected to an 
MCA is dependent on the number of low-speed chan- 
nels into the MCA, the number of high-speed chan- 
nels into the process control, and the number of 
process control channels to which the MCA is con- 
nected. 

The low-speed channels are divided into low-speed 
line adapter sets of four channels each, and all chan- 
nels within a set must operate at the same bit rate. 

There are a total of seven sets available per MCA. 
The bit rate per set may be any value up to the limits 
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imposed. (See Figures 36 and 37.) The bit rate per 
set is controlled by a sample clock oscillator (SCO) 
and may be field-changed. 



Equipm ent Configurations 

The MCA is made up of several basic pieces of equip- 
ment: the low-speed-basic equipment, the multi- 
plexor storage data register with its controls, and 
the transmit-receiver scanner equipment. The basic 
equipment contains components used in conjunction 
with other MCA's. As many as four MCA's can be 
attached to the basic equipment. 

If a second MCA is added to a 7750 already con- 
taining one MCA with its basic equipment, some ad- 
ditional circuitry will be required in the basic equip- 
ment, plus the addition of a storage data register 
with its controls and transmit-receive scanner equip- 
ment. Each MCA controls seven sets (four communi- 
cations channels to a set) plus one test channel. 
Since one 7750 can be connected to four MCA's, it can 
serve a total of 112 low-speed communications chan- 
nels and four test channels. 

The equipment configuration for the 7750 was 
chosen to realize the advantages and accompanying 
cost reduction of using common circuitry in certain 
portions of all multiplexing channel adapters. All 
MCA's that share a portion of the low-speed basic 
equipment package operate in synchronism. Because 
of this, all such MCA's must scan the same number 
of channels, although it is not required that all chan- 
nels be utilized in each MCA. In general, what oc- 
curs in one MCA can be assumed to happen in each 
of the other MCA's that share the basic equipment 
package. 



General Operation 

The MCA operates with both the process control rack 
and the communication channels on a bit -by -bit basis. 
That is, the MCA sequentially scans the communica- 
tions channels, obtains bits one at a time from each 
channel, stores them, and transmits the bits one at 
a time to the proper remote terminals at the proper 
scan time for the particular channel. The transfer 
of bits between the MCA and the process control is 
by demand from the MCA. Bits are obtained from 
the channels and transferred to the process control 
as follows: 

The MCA scans each of the communications chan- 
nels for 14 usee every 14 n usee, where n = number 
of low-speed channels connected to the MCA. The 
scanning is done at a rate which insures that at least 



ten scans will be taken; thus, ten samples can be 
taken during a bit time for the fastest bit rate into 
the MCA. This is the relationship between the num- 
ber of low-speed channels into an MCA and the maxi- 
mum bit rate on any low-speed channel. The particu- 
lar scans during which data samples are to be taken 
are controlled by a channel timing circuit. Associ- 
ated with each speed group of low-speed channels is 
a channel timing circuit whose binary output changes 
exactly ten times during a bit time for the rated 
speed of this group of low-speed channels, ff, 
during the scan of a particular channel, the output 
of the channel timing circuit is different from its 
state during the previous scan of this channel, a 
data sample is taken and a sample counter is incre- 
mented. Similarly, consecutive scans determine 
additional samples until sample count 6 is reached. 
The sample at count 6 is taken as the value for this 
bit and is stored in the MCA. Also, during sample 
count 6, a timing bit associated with this low-speed 
channel is complemented. At some subsequent scan, 
but prior to the following sample count 6, the pro- 
cess control senses the reversal in the timing bit 
for this channel, and accepts the bit stored in the 
MCA for this low-speed channel as the next bit from 
the channel. The sample counter is reset on either 
sample count 10, or detection of a level change in 
the sampled data. 

On output, the MCA always transmits to low- 
speed channels on sample count 6 , and the sample 
counter is reset on count 10, except when elongated 
stop bits are to be sent. In the latter case, the 
counter is not reset on ten but on a count equal to the 
number of tenths desired in the stop bit, e. g. , 14 for 
Baudot code. This number can be assigned any value 
between 1 and 1.5 integer bit periods by pluggable 
pins on a circuit card. Between consecutive counts 
of 6, the MCA obtains a new bit from the process 
control. The exact scan time depends on the posi- 

with the MCA scan. 



Distortion 

Receiving distortion is the percentage by which the 
actual bit width varies from that of the perfect bit 
width at the communication line terminator interface. 
In receiving, several types of distortion must be 
considered. Distortion due to transmitting speed can 
usually be separated from distortion due to lengthen- 
ing or shortening of bits. Sampling methods used in 
the 7750 make speed variations more significant when 
trying to receive a large number of consecutive identi- 
cal bits. The following two formulas may be used to 
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compute the allowable distortion from speed variation 
and other types of distortion. 
0.3996 -O.OOIN = L 

2 OIP 
0. 5005 -0. COIN — '-^ — = S 



B 



where 



N = number of consecutive identical bits. 

B = normal bit period. 

P = normal scan period for the channel of the MCA. 

This is equal to: (number of channels scanned 

by MCA) X 14 usee. 

The first formula gives the percentage of one 
normal bit period that may be added by distortion to 
N consecutive identical bits before a sampling error 
will occur; this percentage is L. The second formula 
gives the percentage of a normal bit period that may 
be subtracted by distortion from N consecutive 
identical bits before a sampling error will occur; 
this percentage is S. Note that S is dependent upon 
the number of channels scanned by an MCA and upon 
the normal bit period. To clarify the use of these 
formulas, consider the following example: 

Transmission rate: 75 bits/second. 

MCA scans 25 channels. 

Bits may be lengthened or shortened because of 

bias distortion of 20%. 

N=6 
therefore, 

L = 0. 3996 -0. 006 = 0. 3936 = 0. 39 

S = 0. 5005 -0. 006 -2. 01 X 7. 5 X 2. 5 X 1. 4 X 10"^ 

S = 0.5005 -0.006 -0.0528 =0.44 
As bias distortion may account for «. 2 bit width 
variation, this must be subtracted from L and S to 
find what distortion can be introduced by speed 
variations. 
Therefore: 

L = 0.39 -0.2 = 0.19 

S =0.44 -0.2 = 0.24 
The speed tolerance can now be found by dividing L 
and S by 6, the number of consecutive identical bits 
that are to be properly sampled. Therefore, each 
transmitted bit must be written at its normal length 
altered as follows: 



1 + 



0.19 
6 

0.24 



or the bit may be varied from 1. 03 to 0. 96 of its 
normal width. Regardless of transmitting speed and 
the number of channels scanned by an MCA, the 
worst-case condition occurs when P = 0. 1 B. This 



condition implies that in the worst case, no single 
bit may be lengthened by more than 40% or shortened 
by more than 30%. In actual practice, however, P 
is generally much smaller than 0.1 B. 

When transmitting from an MCA, the following 
distortion formulas give the amount, in fractions of 
a normal bit width, by which a group of consecutive 
identical bits may be lengthened or shortened. 

Amount group lengthened = 0. 001 NB + 1. 005 P 

Amount group shortened = 0.001 NB -1.005 P 
where: 

N = number of consecutive identical bits 

B = normal bit period 

P = normal scan period for this channel of the MCA. 
This is equal to (number of channels scanned by 
MCA) X 14 usee. 

The worst case occurs when P = 0. 1 B. In most 
systems P is much smaller. A single bit may vary 
from about 90% of its normal length to about 110% of 
its normal length. 

DETAILED DESCRIPTION 

The MCA is divided into six functional units 
(Figure 24): 
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Address Register 
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Channel Scanner 


3. 


MCA Buffer 


4. 


Multiplexor Storage Data Register 


5. 


Data Control 


6. 


Adapter Control Interface 


Address Register 



The address register is a five-stage binary counter 
used for sequential addressing of the communications 
channels. The register's binary output, together 
with two wired- in bits, supply the seven-bit address 
sent to process control for addressing control storage 
during a scan cycle. The value of the wired-in bits 
depends on which MCA (A, B, C, or D) is being used. 
When decoded into a 4-out-of-32 output, the address 
register addresses the MCA buffer. Also when de- 
coded into a 2-out-of-12 output, the register ad- 
dresses each of the MCA scanners simultaneously 
The 2-out-of-12 output is obtained by decoding the 
first two positions of the counter to determine one of 
four possible outputs. The remaining three positions 
are decoded to determine one of eight possible outputs. 
The 1-out-of -4 output serves as the Y address for the 
channel scanner matrix; the l-out-of-8 output serves 
as the X address for the scanner matrix. The X ad- 
dress also divides the 29 possible channels into sets 
of four channels each, with the exception of the test 
channel; thus, the X address gates the appropriate 
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channel timing circuit into data control. The address 
of the test channel is always 34 octal in each MCA 
and the speed of its channel timing circuit is selected 
by a switch on the communications line terminator 
(CLT). 

Channel Scanner 

The channel scanner is a 4 x 8 x 3 matrix of AND 
gates conditioned by the decoded output of the ad- 
dress register. It is used for routing the input and 
output data between CLT and the MCA's multiplexor 
storage data register (MSDR). Figure 25 shows the 
addressing, and gives an example of channel assign- 
ment. If fewer than 28 channels plus one test channel 
are scanned, the assignment of matrix points may 
take an even number of sequential addresses beginning 
with zero. Provisions are made to change the num- 
ber on which the address register resets and the num- 
ber to which it resets, according to the number of 
channels to be scanned. The address register auto- 
matically skips to the test channel from the last 
communications channel scanned and then resets to 
address zero. Each point in the matrix consists of 
three AND gates, one for routing Data Out = 1, 
one for routing Data Out = to CL.T via output latches, 
and one for routing Data In. 
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MCA Multiplexor Storage 

The MCA multiplexor storage (MS) is a 32 word, 
four characters per word, 11 bits per character, 
core storage buffer that stores multiplexor control 
characters — one for each communications channel 
connected to an MCA. The first character of each 
MS word is reserved for channels connected to MCA-i> 
The second, third, and fourth characters of each 
word are reserved for channels connected to the re- 
spective second, third, and fourth MCA's possibly 
associated with a 7750 Programmed Transmission 
Control System. 

Multiplexor Storage Data Register 

The buffer data register is an 11 -bit register from 
which multiplexor control characters are accessed. 
Associated with each of the communications channels 
connected to the MCA is a multiplexor control char- 
acter which stores the information required for the 
data derivation and multiplexing process. The multi- 
plexor control character contains a single bit of data 
buffering, plus nine control bits used by the MCA to 
control the transfer of data to and from the communi- 
cations channel. An eleventh bit provides character 
parity. Format of the multiplexor control character 
is as follows: 

Number of 
Bit Name Bits Position 



Data bit 


1 


1 


Last data sample (LDS) bit 


1 


2 


Send/Receive (S/R) bit 


1 


3 


Last clock sample (LCS) bit 


1 


4 


Sample counter (SC) 


4 


5-8 


Timing bit 


1 


9 


Fractional sampling bit (FSB) 


1 


10 


Parity bit 


1 


11 



^U„J U«l, 



Figure 25. MCA Scanning Matrix 



1. The data bit is a single bit used to buffer the 
asynchronous transfer of data into and out of the 
MCA. 

2. The last data sample (LDS) bit in receive 
operation stores the previous data sample from the 
channel. In send operation, it is used to store the 
value of the data in the channel output latch. 

3. The send/receive (SR) bit controlled by the 
process control tells the MCA the transmission status 
for this particular channel. 

4. The last clock sample (LCS) bit stores the 
status of the channel timing circuit for this line dur- 
ing the previous MCA scan for this channel. 

5. The sample counter (SC) is a four-stage binary 
counter which is incremented upon a detection of a 
change in status of the channel timing circuit. Reset 
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of the counter is caused by any of these four condi- 
tions: 

(a) change in the send/receive bit 

(b) transition in the sampled data 

(c) count of ten 

(d) count of n 

6. The timing bit furnishes line timing status to 
the process control for the channel associated with 
this multiplexor control character. In particular, 
the bit is complemented on each count six of the 
sample counter. 

7. The fractional sampling bit (FSB) is turned on 
by process control for a channel in send status to 
cause the MCA to elongate the stop bit being trans- 
mitted to the start-stop terminal connected to this 
channel. The FSB bit is turned on each count six of 
the sample counter for a channel in receive status to 
signal process control that the channel has received a 
new data bit. The FSB is turned off when process 
control scans the channel. 

8. The parity bit provides character parity for 
checking buffer storage operation. It is used to 
generate odd parity before writing into storage and 
is checked at the end of every read time. 



Data Control 

Data control is the miscellaneous control logic with 
which the MCA integrates the previous four sections 
to perform the required funtions of channel scanning, 
channel timing generation, and data transfer to and 
from the communication channel and the process 
control. 

Of particular significance in data control are the 
channel timing circuits. Associated with each group 
of common speed channels is a channel timing cir- 
cuit whose binary output level changes ten times dur- 
ing a bit time (for the rated speed of the channel). 
The channel timing circuit consists of a highly stable 
oscillator connected to a driver that drives a binary 
trigger whose output is changing at a constant rate — 
exactly ten times per bit period. Each level change 
in the trigger's output is interpreted as a sample 
time and ten samples are counted as a bit time. 
Thus, if the channel is operating at exactly its rated 
speed, there will be exactly ten samples taken during 
a bit time. Should the channel be operating at some 
speed slightly slower than its rating, the ten samples 
per bit would be taken in a bit period of time less than 
the actual bit time. If several consecutive identical 
bits, say 14, were transmitted at this slower speed, 
it is possible that 15 bits would be derived from the 
channel instead of the correct number (14). To pre- 



vent such occurrence, the 7750 must perform within 
certain transmission speed tolerances. See section 
4, "Communications Systems Design, " on distortion. 



MCA OPERATION 

The MCA derives bits from the lines by a scanning 
and sampling technique. The scanning operation is 
performed synchronously with the process control 
and asynchronously with the communications channels; 
however, the sampling operation is asynchronous with 
both the process control and the communications chan- 
nels. Sampling is done at a rate that insures that ten 
samples will be taken with sufficient accuracy to per- 
mit terminal distortions. Since sampling is performed 
asynchronously, the data transferred to and from the 
MCA are asynchronous; thus, a multiplexor storage 
is needed. 

To explain the detailed operation of the MCA, the 
following symbols are defined; 

I Number of scan points connected to the 
process control (PC). 

N Number of PC scan points to which an MCA 
is connected, 

i Number of consecutive PC scan points between 
scan points used for a particular MCA, 

n Number of low-speed channels connected to 
MCA. 

Two 14-usec scan cycles of the MCA are performed 
during one scan process cycle sequence of control 
storage. The relationship of these cycles is shown 
in Figure 26. It can be seen that on alternate scan of 
the MCA, the control storage is in a scan cycle. 
On each i*'^ scan cycle of the control storage, one of 
the N channels to which the MCA is attached is being 
scanned by the process control. It is during these 
coincidences of scan cycles that data may be trans- 
ferred to (or from) the process control from (or to) 
the multiplexor control character associated with 
the communications channel being addressed by the 
MCA channel scanner. For simplification, i is 
assumed to be constant in this section; that is, the 
MCA is connected to the process control channels 
which are evenly spaced. 

The 14-usec scan cycle per line is divided into 
three phases, as shown in Figure 26. In general, 
phase 1 consists of reading out the multiplexor con- 
trol character for a particular MCA channel ad- 
dress. Phase 2 consists of modifying the control 
character as required and initiating data transfers 
to and from CLT and PC. Phase 3 consists of writing 
the modified control character into multiplexor stor- 
age. 
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TIMING 



The PC performs a ten-usec scan every 28 usee. 
The MCA performs two 14-usec scan cycles every 
28 usee. Thus, the MCA scans two low-speed chan- 
nels while the PC is scanning one high-speed channel. 
In addition, the MCA is connected to N scan points 
of the PC and these N scan points are spaced iscan 
points apart in the scanning sequence. 

To facilitate explanation of the timing relationships 
between the PC, MCA, and communications channels, 
a specific example will be used where I = 15, N = 3, 
i = 5, and n = 29. It will also be assumed that the 
maximum bit rate on any communication channel 
into the MCA is 200 bits per second (bit period of 
five ms). See Figure 27. 

It can be seen from Figure 28 that the MCA goes 
through ten complete scanning sequences of the 29 
channels between the times that the PC sees a par- 
ticular MCA channel. 

With the maximum bit rate of 200 bps or the min- 
imum pulse width of five ms, with ten channel timing 
circuit transitions taken within each bit time, and 
with the relationships given in Figure 27 showing 
that the MCA scans a particular communications 
channel every 406 usee, it is assured that a scan, 
and thus a sample, can be taken at least once during 
each channel timing circuit period of 500 usee. 

Furthermore, it can be seen that the PC scans 
a particular low-speed channel at least every 4. 06 
ms and that every channel will be scanned by the 
PC at least once during every bit time. 

Since transmission is asynchronous to the 7750, 
the beginning of a bit time can occur at any point 
with respect to the beginning of the timing chart. 
See Figure 28„ For purposes of ejqjlanation, it will 
be assumed that the beginning of a bit time for low- 
speed channel 10 occurred at microsecond 105. This 
new bit will be recognized at time 140 when the MCA 
next scans channel 10, and sample 1 will be counted. 
Succeeding samples are counted at times 546, 1358, 
1764, and 2170 until sample 6 is counted at time 
2576. At sample 6, data are taken from the channel 
and stored in the data bit of the multiplexor control 
character and its timing bit is complemented and the 
FSB bit is turned on. At time 3794, the PC is scan- 
ning this MCA and the MCA is scanning low-speed 
channel 10. Thus, the PC sees low-speed channel 10. 
Since the timing bit for this channel is different from 
the last timing bit in the channel control word for 
this channel, the PC knows that a new data bit is 
stored in bit 1 of the multiplexor control character 
and it accepts this as a new bit from this channel 
and turns off the FSB bit. Since the PC sees a given 



low-speed channel every 4.06 ms (less than mini- 
mum bit time) , it is possible, by virtue of the asyn- 
chronism just explained, to see a particular bit twice. 
However, the bit is not accepted the second time be- 
cause the timing line is not reversed, and the FSB 
bit is off. All clock timing signals needed in the MCA, 
other than the channel timing circuits, are supplied 
by the central clock in the PC. 



ERROR CHECKING 

A feedback loop from the communications channels 
to the MCA is provided to check for the correct 
transmission of data to the communications channel. 

In send status, when the MCA transfers a bit to 
a channel's output latch, the last data sample (LDS) 
bit is made to match the bit in the output latch. 
Checking for correct line transmission of the bit 
in the output latch is done just prior to changing the 
output latch for the next bit. The status of the LDS 
bit and the status of the sending channel fed back 
through the MCA input scanner are compared. If 
they do not compare, an error latch is set. This 
causes the MSDR data bit to be different than the last 
data bit transferred from the PCR. The PCR detects 
this difference as an error during the next coincident 
scan in which a timing line reversal is detected and 
activates its error circuitry. 

This comparison gives an error check on the oper- 
ation of transferring bits from the control storage 
distribution area to the MCA and subsequently to 
the communications channels. In addition, the opera- 
tion of the input scanner is checked. 



TYPE 2 HIGH-SPEED CHANNEL ADAPTER 

The Type 2 High-Speed Channel Adapter (HSA2) adapts 
one or two 7750 scan points, depending on half-duplex 
or full-duplex service, to an IBM terminal provided 
with a synchronous transmitter-receiver (STR), such 
as the IBM 7702 Magnetic Tape Transmission Termi- 
nal or the IBM 1009 Data Transmission Unit. The 
HSA2 requires no clocking information from the data 
set provided by the communications company and 
generates its own bit synchronization from a crystal- 
controlled oscillator and bit clock that corrects its 
own strobe on received data. No character assembly 
is done by HSA2 because the data-moving operation 
is serial by bit between the process control and the 
communications line terminator (CLT). HSA2 ac- 
cepts bits from the process control and transmits 
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MCA Phase 3 

Figure 26. Process Control Rack — MCA Cycle Relationships 
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them through the CLT to the remote terminal. On 
receiving, HSA2 samples information serially to 
the process control, Figure 29. HSA2 is capable of 
operating at 600 or 1200 bits per second. The oper- 
ating speed of an HSA2 may be selected from the 
7750 operator's panel subassembly by the customer. 
Each HSA2 may operate at either of the two speeds. 

HSA2 may operate half-duplex or full-duplex. 
When operating half-duplex, HSA2 requires only one 
7750 scan point. However, two scan points are re- 
quired for full-duplex operation — one each for the 
send-only and receive-only channels. HSA2 may 
be changed from half -duplex to full-duplex. 

HSA2 provides one bit buffering and speed changing 
between two interfaces in both directions. On the 
one side, HSA2 exchanges information with the pro- 
cess control via the adapter control interface. On 
the other side, HSA2 transmits or receives informa- 
tion to CLT which in turn relays this information 
to the communications line. 

ACIF Operation 

Each time that the process control channel scanner 
is incremented, a new select signal is generated. 
This select signal comes from one of the IBM 7750 
scan points. When HSA2 becomes selected, its seven- 
bit control storage address is sent to the ACIF. 
The process control uses this address to access the 
channel word, CWD, for HSA2 from control storage. 
Once the CWD is in place in the CSDR, a transfer of 
information occurs across the ACIF, causing HSA2 
and the process control to take different actions. 
The channel word is written back into control stor- 
age and the channel scanner is incremented to scan 
the next scan point. During this select period, the 
bit derived by HSA2 is transferred to the process 
control. 



Transmitting 

To transmit a message, the programmer first sets 
up an output chain in process storage and moves the 
CWD to its proper location in control storage. The 
format of this CWD will be synchronous send. When 
HSA2 is selected, it will raise the "request to send" 
line of the CLT interface and initialize the "timing" 
and "data in" lines of the ACIF in response to adapter 
synchronization. Timing changes cannot happen until 
the character phase counter counts through zero. 
The next time HSA2 is selected there will be a logical 
difference between the timing line of ACIF and bit 31 
of CSDR, last timing bit. On such a difference the 
process control will transfer the first bit to HSA2. 
HSA2 accepts this bit and buffers it until transmit 
strobe time, when it is placed on the "transmit 
data" line of the CLT interface for transmission. 
At transmit strobe time the "timing" line of ACIF is 
complemented and the logical value of the "transmit 
data" line is fed back to the "data in" line of ACIF. 
The next time HSA2 is selected, the process control 
recognizes another change of the timing line and 
sends the next bit to the HSA2 and Checks the value 
of the "data in" line with the previous bit sent to 
HSA2. If value of the data-in does not agree with 
the value of the last bit sent to HSA2, a data trans- 
fer check occurs. This process continues until the 
last bit of the last character has been transferred to 
HSA2 via the ACIF. Then the process control per- 
forms a character interrupt to get the next character 
to be sent. The next character is the status change 
character (SCC). When the SCC is placed into the 
assembly area of the CWD as the next character to 
be sent, it is recognized by the process control, and 
preparations are made to turn the channel around to 
receive status. After sufficient time has elapsed 
for the last bit to be fully transmitted, HSA2 is 
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changed to receiving hunt status and an adapter 
synchronization is given to HSA2 via the ACIF. 

This description holds for both full-duplex and half- 
duplex operation of HSA2, with the exception that 
when the send-only channel of HSA2 is placed in re- 
ceiving hunt status on full-duplex, it is placed in an 
inactive state and is not capable of receiving data. 



from a 1013, The adapter must remain in this slave 
status even though its status charges from send to re- 
ceive or receive to send via CSDR 12 of its channel 
word. If, however, the 7750 is transmitting tape 
records or card images to an STR device (1009, 1013, 
7701, or 7702) the control bit must be reset to logi- 
cal zero and the HSA2 will assume master status. 



Receiving 

When the IBM 7750 program is started, the channel 
words are moved from process storage to control 
stor^e, making the channels active. Normally the 
format of the CWD moved to the control storage 
location assigned to an HSA2 is synchronous send. 
After the sending of the synchronization information, 
a status change character is used to put the channel 
into synchronous receive hunt status. 

With the CWD in receiving hunt, the process control 
will shift bits as they are transferred from HSA2 
through the extended assembly area of the CSDR 
looking for the character sync pattern. HSA2, how- 
ever, will not be transferring bits to the process 
control rack until it starts receiving data through 
the CLT interface. When data are received from the 
communications channel, the "carrier on" line of the 
CLT interface becomes a logical one. This line is 
then used to start allowing changes to occur to the 
timing line of ACIF. The timing line is also comple- 
mented at receive strobe time. When HSA2 is 
selected by the process control channel scanner, a 
difference occurs between the timing line of A,CIF 
and bit 31 of CSDR, last timing bit. The process 
control knows from this difference that a new bit has 
arrived on the "data in" line and gates it into the 
assembly area of CSDR. Process control also updates 
the value of bit 31 of CSDR to agree with the timing 
line of ACIF so that the same bit will not be sampled 
twice. Bits are transferred to the process control 
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has been recognized by the process control, the CWD 
falls out of receiving hunt and starts receiving bits. 
When the number of bits equals the character length 
specified in the CWD, the character assembled is 
moved to the receiving chain in storage for communi- 
cations channel. 

Slave-Master Control 

When using HSA2 on a half-duplex communication 
facility, the 7750 makes special use of the control 
bit, CSDR 13, of the normal synchronous channel word. 
If the control bit is set to a logical one, HSA2 assumes 
a slave status. Slave status is required, on half-duplex 
transmission, when the 7750 is receiving a tape record 
from a 7701 or 7702, or receiving card transmission 



Error Indication 

HSA2 is capable of calling program attention to two 
types of channel errors via a service mod e request 
and interrupt of all lower priority modes. When 
indicating channel errors, HSA2 will change two bits 
of the seven-bit control storage address to which it 
is assigned in order to access a channel word other 
than that used for normal operation. At the same 
time, the attention line of ACIF is brought to logical 
one and the error line of ACIF may or may not be 
brought to logical one, depending on the type of error. 
The next time HSA2 is selected by the process control 
channel scanner, the error channel word is read into 
the CSDR. The error is recognized and service mode 
is requested. Also, the address of the channel in 
error is moved to the channel service register for 
the program to interrogate. For details of this opera- 
tion, read "Channel Errors." 

Interlock Error 

The interlock line of the CLT interface is at logical 
one whenever the data set at the local end of the com- 
munications channel of HSA2 has power on and it is 
functioning properly. If the interlock line drops to 
a logical zero, an interlock error will be signaled to 
the attention of the program. HSA2 places logical 
ones on both the attention and error lines of the 
ACIF. The channel check light associated with the 
scan point to which HSA2 is connected will be turned 

Time-Out Tag for Half -Duplex HSA2 

When HSA2 has completed transmission of a mes- 
sage to a remote terminal, it will be placed in re- 
ceiving hunt by the SCC. From the time that HSA2 
is placed in receive status to the time that the pro- 
cess control recognizes the received character sync 
pattern and starts assemtling characters and moving 
them to the receiving chain in process storage, 
HSA2 is timing out. The duration of this time-out 
cycle is three seconds. If the process control has 
not recognized the character sync pattern and assem- 
bled at least one character before the HSA2 times out, 
a time-out t^ will be signaled to the attention of the 
program. However, if a character has been assembled 
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before the HSA2 times out, HSA2 will receive logical 
ones on the "character complete" line of the ACIF 
each time a new character is assembled. HSA2 uses 
these logical ones to prevent the time-out tag. 

The 7750 program will use this time-out tag as a 
special signal that bit synchronization must be re- 
established with the remote terminal before pro- 
ceeding with transmission. To reset the time-out- 
tag error condition, the programmer must put a 148 
in the F field (bits 15-19) of the time-out-tag error 
channel word and put a synchronous send channel 
word in the normal channel word to send synchroni- 
zation information. 



Time-Out Tag for Full-Duplex HSA2 

With full-duplex operation of HSA2, idle characters 
will always be received on the receive-only channel 
when messages are not being received. When the 
7750 sends a message on the send-only channel and 
expects a reply, a time limit for that reply is im- 
posed. This time limit is three seconds, the same 
limit as for time-out tag on half-duplex, i^ain, 
HSA2 keeps track of this time. 

Time out is initiated by placing an active channel 
word in control storage containing an adapter- 
synchronization and the control-bit (CSDR 13) reset. 
The programmer may do this whichever way he 
wishes: by using action delay, by moving a new 
channel word to control storage , or by any other 
techniques at his disposal. The time-out tag is con- 
trolled by the transmitting portion of the full-duplex 
adapter. It is the send-only channel word through 
which time out is initiated. Time out can be blocked 
at any time by setting the control bit (CSDR 13) of 
the send-only channel word to a logical zero. A 
time-out tag will occur approximately three seconds 
after time out is initiated. The send-only channel 
word will no longer be accessed by the adapter when 
it contains a time-out tag. The time-out-tag error 
channel word must be given the adapter- synchroniza- 
tion 14g to reset the time-out tag. 

The 7750 program will use this time-out tag as a 
signal that an inquiry must be sent to the remote 
terminal asking for the reply to the transmitted 
record. 



Control Storage Address Assignments 

Each of HSA2 requires three or four pre-assigned 
addresses in control storage , depending on whether 
HSA2 is operating half-duplex or full-duplex, re- 
spectively. Assignment of control storage words is 



made according to Figure 34, If the HSA2 is half- 
duplex, the fourth address can only be used for a 
scratch word. The address assignment depends on 
the customer's channel adapter configuration. This 
section describes the arrangement within the se- 
quential block assigned to an HSA2 of the normal 
channel word and error channel words . For either 
half-duplex or full-duplex there may be either a 
horizontal or vertical assignement of words to HSA2, 



Half-Duplex Vertical Assignm,ent: 

00 is assigned to the normal CWD, 

01 is assigned to the error CWD for 

interlock error, 
10 is assigned to the error CWD for time- 
out tag, 
Half-Duplex Horizontal Assignment: 

00 is assigned to the normal CWD. 

01 is assigned to the error CWD for inter- 
lock error. 
10 is assigned to the error CWD for time- 
out tag. 
Full-Duplex Vertical Assignment: 

00 is assigned to the receive-only CWD. 

01 is assigned to the error CWD for inter- 
lock error. 

10 is assigned to the send-only CWD, 

11 is assigned to the error CWD for time- 
out tag. 
Full-Duplex Horizontal Assignment: 

00 is assigned to the receive-only CWD. 

01 is assigned to the error CWD for inter- 
lock error, 

10 is assigned to the send-only CWD. 

H is assigned to the error CWD for time- 
out tag. 

In this discussion address bits represented by (-) 
are fixed and equal for each word address assigned 
to a particular HSA2 , 



Operator's Switches and Data Lights 

The operator's panel sub-assembly contains four 
sets of data lights and four rotary speed select 
switches. Each set of data lights indicates the six 
lines of the CLT interface. The operator can see 
at a glance the state of any one of four HSA2's in- 
dicated on the sub-assembly. The operator may also 
change the operating speed of any one of four HSA2's 
in accordance with the speed of operation on the 
communication line. 
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FM-STR Distortion 

For FM-STR operations , the receiving distortion is 
the absolute difference between a consecutive mark- 
ing bit and a spacing bit (or spacing bit and marking 
bit) divided by four normal bit periods. This ratio 
is expressed as a percentage. 
Example: In two consecutive bits, a marking bit 

is 750 usee and a space bit is 250 usee. 

If a normal bit is 500 usee (2, 000 bits/sec) , 

the distortion is: 



D 



750 - 250 



= 0.25 =25% 



4(500) 
Distortion discussed does not include the effects of 
speed variation or drift between the controlling 
oscillators at each end of the communications facility. 
This is a separate subject that will be considered by 
itself. 

Once bit synchronization has been established, dis- 
tortion can be increased gradually and the STR clock 
will maintain the bit synchronization. However, if 
this highly distorted signal were transmitted to a 
clock not in bit synchronization, it might possibly 
never synchronize. Therefore, the limiting point for 
distortion is that limit beyond which bit synchroniza- 
tion will not be established. 

In operation with the STR, it is the idle character 
that is used to establish bit synchronization, and 
hence character phase. The idle character is of the 
form: mark, space, space, 3 marks, space, space. 
Synchronization can be established and maintained 
while receiving idle characters with up to 25% dis- 
tortion. With over 25% distortion the HSA2 bit clock 
will start sampling the distorted bit twice, deriving 
false information. With exactly 25% distortion, re- 
liable operation cannot be guaranteed. 



COMMUNICATIONS LINES TERMINATOR 



4. Permits customer selection and speed control 
of an extra low-speed channel for fault location 
or temporary usage, 

5 . Facilitates a diagnostic wrap-around of the 
entire machine under one control, including 
the necessary line isolation. 

6. Provides a test pattern generator for testing 
individual high-speed lines. 

General Characteristics 



The CLT consists of one rack-and-panel module with 
appropriate covers and associated equipment. 

Low-Speed Line Termination: At transistor level the 
CLT can terminate a maximum of 112 lines at speeds 
up to 200 bps. The lines are half-duplex and consist 
of one send circuit, one receive circuit, one signal 
ground , and one frame ground for each low-speed 
communication line. When telegraph lines feed 
directly into the CLT, maximum line speed is 75 bps. 
The lines are half-duplex and consist of two conduc- 
tors of the telegraph line. 

High-Speed Line Termination: The CLT can operate 
with high-speed data sets conforming to EIA Standards 
No. 232, at speeds of 1,200 bits per second or less. 

Off-Line and Diagnostic Status: All high- and low- 
speed channels can be functionally disconnected from 
the communication lines and data sets by depressing 
the wrap-around switch. When in the off-line status, 
the send circuits of the odd-numbered channels are 
connected to the receive circuits of the next higher 
order channels to effect a paired wrap-around of two 
adjacent like channels for diagnostic test purposes. 
The wrap-around of the adjacent like channels causes 
an echo to be simulated on each low-speed line. De- 
pressing the simulation switch generates a test pat- 
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The communications lines terminator connects com- 
mon carrier equipment to the 7750. It changes com- 
mon carrier voltage levels to those used in IBM 
circuits and changes IBM voltage levels to those 
used in communications channels. The CLT contains 
equipment to convert IBM signal levels to certain 
telegraph signal levels. To perform these functions 
efficiently, the CLT: 

1. Provides a standardized interface to the com- 
mon carrier. 

2. Is capable of switching off to permit testing 
the processor without disturbing the com- 
munications lines. 

3. Permits customer reassignment of channels 
for service fault location. 



Customer Facilities 

The CLT has a patch panel by which the customer can 
alter the line-to-channel assignment in order to lo- 
calize a trouble fault, i.e. , IBM equipment or com- 
mon carrier. 

Low-Speed Patch Panel 

The low-speed patch panel has a two -circuit-line 
jack and a two-circuit-channel jack. The line jack 
refers to the common carrier and the channel jack 
refers to the 7750. The two jacks are internally con- 
nected in such a way that no plug is needed in either 
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jack. Line 1 is connected with channel 1, line 2 is 
connected to channel 2, etc. Under normal operating 
conditions , therefore , no patch cords are plugged in- 
to any of the jacks. 

High-Speed Patch Panel 

The high-speed patch panel has two multi-pin con- 
nectors. One connection refers to the common car- 
rier and the other refers to the 7750. Connection 
between the two is established by a multi-wire patch 
cord. For the high-speed circuits to be operational, 
this patch cord must be externally connected by the 
customer. 

Low-Speed Test Channels 

One low-speed test channel is provided for each MCA 
group specified in the 7750. By switching, the cus- 
tomer can select the speed of the test channel to 
match the speed of the line to which the test channel 
is patched. 

Low-Speed Test Circuits 

The basic machine will have two test circuits. Each 
circuit can operate on telegraph and transistor levels . 

High-Speed Test Jack 

One high-speed test jack is provided. It will emit 
a test pattern when the request-to-send line is in- 
operative and it will provide a feedback from the 
transmit-data line to the receive data line when 
the request-to-send line is operated. The feedback 
will facilitate a single-channel wrap-around on a 
full-duplex system , On a half-duplex system , the 
send and receive lines must be tested separately. 

Effect of Patch Panel on Programming 

If any change is made in the patch panel, the pro- 
gram must be altered to reflect the change. This 
applies to a diagnostic wrap-around as well as on- 
line operation. 

Diagnostic Facilities 

The CLT contains five sense lines. The lines, con- 
trolled by the computer , perform the following 
functions: 

1. Simulate carrier failure 

2. Restore carrier or interlock 

3 . Simulate interlock failure 

4. Master reset 

5. Simulate echo failure 



The first three lines are used in diagnostic pro- 
gramming to simulate high-speed data set carrier 
or interlock failures. The last two are used to con- 
trol echo checks on the low-speed circuits during 
transmitting. All of the above sense instructions 
operate as stated in the wrap-around status;. In 
normal operation, the carrier-failure and the 
interlock-failure sense instructions operate at the 
high-speed test jack only. 



LOW -SPEED OPERATION (ON LINE) 

In the event of apparent trouble on a communication 
line, it is particularly important that the customer 
be able to determine whether the trouble lies in IBM 
equipment or in the communications network, so 
that the proper service representative may be called. 
The CLT provides ameansby which the customer may 
determine where the trouble lies. If these facilities 
are not used, 7750 availability will be decreased. 

If trouble is experienced on a low-speed line, the 
customer can perform the following tests: 

1. Cross the line-channel assignment; connect 
line 1 to channel 2, line 2 to channel 1, etc. Any 
crossing assignment may be made as long as line 
and channel speeds are matched. From the result, 
the customer can predict whether the common- 
carrier line or IBM channel is at fault. 

2. Patch the faulty line into an unused channel of 
the same speed. From the results, the customer 
can predict the source of trouble. 

3. Patch the faulty line into a test channel. The 
speed of the test channel can be adjusted by a switch 
to match the line speed. From these results, the 
customer can also predict the source of the trouble. 
If the trouble is in a channel rather than in a line, 
the customer can continue operation temporarily, 
using the test channel. 

4. Wrap any two channels , including the test 
channel, with a special patch cable. 

5. Use the low-speed test circuits. The use of 
these circuits will be the customer's best tool for 
trouble isolation. So that their use may be under- 
stood, the common-carrier termination will be re- 
viewed. 

The common-carrier termination (interface) is as 
follows: 

1. Low-Speed Telegraph (Electromechanical) 
Mode — The common carrier terminates all tele- 
graph lines with WE 303 telegraph jacks located on 
a panel at a convenient location in the same room as 
the 7750. The 7750 circuitry terminates all tele- 
graph channels, including the low-speed test circuits, 
with WE 347 male telegraph plugs on cables not more 
than 50 feet long. 
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2. Low-Speed Electronic Mode — The common- 
carrier supplies a data set for operation in the 
electronic mode and terminates its circuits at the 
male input to the data set (DB-19604-433). The 7750 
circuitry terminates all channels , including the low- 
speed test circuits with a female plug (DB-19604-432) 
on cables not over 50 feet long. 

The above format permits substitution of channels 
at the interface and enables the customer to differ- 
entiate between IBM and common-carrier responsi- 
bilities. The 7750 contains two additional low-speed 
telegraph circuits and two additional low-speed 
electronic circuits to facilitate these tests without 
interrupting other machine functions. 

Each low-speed test circuit begins at the common 
carrier interface and terminates at a jack on the 
patch panel. This jack can be patched to a test 
channel to establish an alternate path from the 
common -carrier interface to the MCA, When a 
particular line is falling and other lines are working 
properly, the first customer test should be to sub- 
stitute a test circuit and channel for the question- 
able one and modify the program accordii^ly. 
Figure 30 shows diagramatically various ways of 
using the test circuits. See "Program Considera- 
tions" for further details. Substituting a test 
circuit and channel for the questionable one provides 
an alternate path from the common-carrier inter- 
face to the MCA, and enables the customer to deter- 
mine whether he should call for common-carrier 
service or for IBM service. If both channels react 
in the same manner, the common-carrier line can 
be assumed to be at fault and requiring service. 
However, if the connection combinations work 
properly on one channel but continue to fail on the 
questioned channel, the faulty 7750 channel requires 
service. 






Any two channel combinations may be crossed and 
analyzed in a manner similar to that described for 
tests 1, 2, and 3 under "Low-Speed Operation." 



DIAGNOSTIC OPERATION (OFF LINE) 

Low-Speed Wrap-Around 

The wrap-around switch, when ON, causes an echo 
to be generated for each low-speed transmission 
channel. The diagnostic program transmits on a 
channel and receives on the paired channel. The 
program can compare the transmitted data and the 
received data to verify the operation. If any patch- 
ing appears in the patch panel, it will alter the wrap- 
around combinations. 



Low-Speed Sense Line Control 

The diagnostic program can impulse the "simulate 
echo failure" sense line and thus inhibit the echo. 
The program can then transmit on each channel and 
expect to get an echo failure on each channel. The 
echo can subsequently be uninhibited by pulsing the 
master reset sense line. Whenever either of these 
sense lines is pulsed, a 10-millisecond delay is re- 
quired before the next transfer of data. 



High-Speed Wrap-Around 

High-speed wrap-around is performed in the same 
manner as low-speed. It is necessary that the patch 
panel configuration be recognized. 

High-Speed Sense Line Control 

The simulate carrier failure sense line can be 
pulsed to simulate a carrier failure and the simulate 
interlock failure sense line can be pulsed to simu- 
late an interlock failure. The simulate interlock 
failure sense line can be pulsed to restore these 
two lines to their normal status. 

Sense Line Timing 



All sense lines will perform properly on a pulse of 
20 usee. 
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Figure 30. Common Carrier Termination 
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COMMUNICATIONS SYSTEMS DESIGN 



The channel adapter of the 7750 has been designed to 
provide great flexibility for the system designer in 
his choice of a communication network. However, 
certain limitations do exist in the choice of channel 
adapter configurations, and the purpose of this sec- 
tion is to point these out. 



PROGRAMMING CONSIDERATIONS 



Processii^ Capability 

Processing capabilities must be carefully considered 
when designing a system employing the 7750. Under 
certain circumstances it may be possible to accept 
more characters from the communications network 
than the 7750 can process. For example, sixteen 
high-speed lines receiving six -bit characters at the 
rate of 1,200 bits per second per line will put into 
the 7750 about 3,200 characters per second; ex- 
perience has shown, however, that a typical procT 
essing job requires about 15 instructions per char- 
acter, which would cause process storage to over- 
flow. Moreover, if a relatively complex editing job 
has to be done by the 7750 on the incoming mess- 
ages, character handling capability will be reduced. 
Therefore, it cannot be assumed that the 7750 is 
capable of processing a given number of characters 
just because the scanning mechanism is capable of 
receiving them. The details of the processing task, 
as well as the peak loading of the communications 
system and the duration of this peak must be care- 
fully examined. The system designer cannot be 
sure that the 7750 has enough processing power for 
a job until these factors are known. 



to the communications network must be incorpor- 
ated into the operational programs for the 7750. 
These features include: 

1. The ability to alter an address relative to the 
communications channel so that the patch panel and 
test circuitry may be used on line without inter- 
ruption of real-time operation. For example, 
suppose that the 7750 starts to receive erroneous 
information from one low-speed communications 
line (say line 13) . To test whether this trouble lies 
in the 7750 or in the communications network, patch 
this communications line through the test circuitry 
and test channel to see if proper information is 
received through this alternate path. To make this 
test without interfering with the operation of anyr 
other communications line, inform the operational 
program that the information it was formerly receiv- 
ing from line 13 will now be received on the test 
channel. The operational program must contain the 
means to perform this fimction readily, without 
interference with normal processing functions and 
with a minimum of operator intervention. The con- 
verse function, that of reassigning addresses for 
outgoing information must also be included in the 
operational program. 

2. The ability to send a repetitive test message 
to any designated terminal upon command of the 
system operator. The sending of this test message 
must not interfere with the normal operation of the 
rest of the system. It is also highly desirable that 
the operating program have the ability to loop this 
test message throuEfh the communications-compa,nv 
patch panel and-back into the 7750 for a character-by- 
character comparison. 

The inclusion of the foregoing features in the 7750 
operationdl programs is strongly recommended. The 
lack of such features will seriously hamper on-line 
servicing of the 7750 and will result in greatly de- 
creased efficiency in real-time operations. 



Real-Time Operation 

The 7750 is meant to operate in real time with a 
high degree of reliability. Much thought has been 
given to the design of the equipment that makes up 
the 7750, so that efficient real-time operation can 
be achieved. However, to make full use of the 
capabilities of the 7750, certain features pertaining 



Channel Capabilities 

Certain requirements must be met when using the 
7750 channel adapter rack. These requirements are: 

1. Packaging requirements. 

2. Use of process control scan points. 

3. Use of control storage words. 
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Locations 


MCA 


0-56 Half Duplex 


3 and 4 
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57-112 Half Duplex 
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1,3, and 4 
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1 through 4 Half Duplex 
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1 or 2 or 3 




or 




or 4 




1 through 4 Full Duplex 








Any combination of half 








and full duplex channels 








that totals four or less 







Figure 31 . Package Configurations of Channel Adapters 



Packaging Requirements 

The 7750 channel adapter contains a maximum of 
four 10 X 28 SMS card panels. Each variety of chan- 
nel adapter requires one or more panels. The pan- 
els may be mixed in a variety of ways to meet system 
requirements. Figure 31 shows the packaging con- 
figurations of the various channel adapters. 



Use of Process Control Scan Points 

There are 16 process control scan points that can be 
utilized by the channel adapters as shown in Figure 32. 
Note that each MCA may be connected to different 
numbers of scan points. The proper number to use 
is determined by the bit speed on the channels con- 
nected to the MCA. See "Input Bit Rates. " 



Use of Control Storage Words 



Type of Adapter 

MCA 
FM-STR 
Full Duplex 
FM-STR 

Half Duplex 



Figure 32. Channel Adapters and Scan Points 



Number of PCR 
Scan Points 
(Required) 

1 or 2 or 3 or 4 
2 



In system design, the space limitations of coptrol 
storage must be considered. Eight words are re- 
quired to run programs. The remaining 120 words 
may be assigned as channel words, with certain 
restrictions. Figure 33 shows the number of channel 
words (and their functions) required for each type 
of adapter. 

The locating of these words in control storage 
must be done in a specified manner. Process con- 
trol uses addresses 31, 63, 94, 126, 127 (decimal) 
for process words. MCA's will be assigned blocks 
of control storage, starting with address 0, 32, 64 
and 96 (decimal). Addresses 28, 60, 92, and 124 
(decimal) are reserved for test channels. It is 
recommended that addresses 30 and 62 (decimal) 
be reserved for "scratch" words by the programmer. 



Type of Adapter 
MCA 



Number of Channel Words Required 

One for each simplex channel connected to 

each MCA 

One for each half-duplex channel connected 

to each MCA 

Two for each full-duplex channel connected 

to each MCA 



Purpose of Channel Words 
Send or Receive 
Send or Receive 
Send or Receive 



FM-STR 
Full Duplex 



Four 



1. Receive 

2. Interlock Error 

3. Send 

4. Time -Out Tag 



FM-STR 
Half Duplex 



Three 



1, Send or Receive 

2, Interlock Error 

3, Time -Out Tag 



Figure 33. Control Storage Word Requirements 
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When four MCA's are used, high-speed adapters 
will be assigned blocks of four addresses, the low- 
order five bits of which are constant, while the two 
high-order bits change. Figure 34 shows, as an 
example, how control storage addresses would be 
assigned when four MCA's, each scanning 25 channels, 
and three high-speed adapters are used. 

When fewer than four MCA's are used, high-speed 
adapters are assigned blocks of four addresses, the 
high-order five bits of which do not change, while 
the low-order two bits do change. As an example. 
Figure 35 shows the case in which two MCA's, each 
scannir^ 29 channels, and eight half -duplex high- 
speed adapters are used. 



Input Bit Rates 

The input bit rates discussed in this section are bit 
rates from the communications channel to the 7750. 



These rates do not take into consideration whether: 
(1) the processing capability of the 7750 is adequate 
to manipulate the total number of bits being received, 
or (2) information will be lost due to too frequent 
demands for channel service. 

In addition, the bit rates discussed in this section 
do not include the effects of distortion. In many 
cases, the bit rates given assume perfect bit shapes. 
If distortion shortens a bit, the equivalent bit rate 
is raised. For example, consider a transmission 
rate of 100 bits per second, subject to 10% distor- 
tion, which may shorten the bit. The minimum bit 
length is nine ms, corresponding to an equivalent 
bit rate of 111 bits per second. All bit rates given 
will still apply if the only effect of distortion is to 
lengthen the bit. 

The 7750 is designed so that the process control 
scanner must scan every communication channel at 
least once during each bit time on that channel. 
Additionally, the MCA must take a certain mini- 
mum number of scans per bit time on each channel. 



MCA-A 



MCA-B 



MCA-C 



MCA-D 



0. 00—00 


32. 


00—00 


64. 


10—00 


96. 


11 — 


1. 00—01 


33. 


01—01 


65. 


10—01 


97. 


11 — 


2. 00—10 


34. 


01—10 


66. 


10—10 


98. 


11 — 


3. 00—11 


35. 


01—11 


67. 


10—11 


99. 


11 — 


4. 00— -00 


36. 


01—00 


68. 


10—00 


100. 


11 — 


5. 00—01 


37. 


01 01 


69. 


10—01 


101. 


11-- 


6. 00—10 


38. 


01—10 


70. 


10—10 


102. 


11 — 


7. 00—11 


39. 


01 — 11 


71. 


10—11 


103. 


11—. 


8. 00—00 


40. 


01—00 


72. 


10—00 


104. 


11 — 


9. 00-— 01 


41. 


01—01 


73. 


10—01 


105. 


11-- 


10. 00—10 


42. 


01—10 


74. 


10—10 


106. 


11 — 


11. 00— -11 


43. 


01---11 


75. 


10---11 


107. 


11 — 


12. 00—00 


44. 


01—00 


76. 


10—00 


108. 


11 — 


13. 00—01 


45. 


01—01 


77. 


10—01 


109. 


11 — 


14. 00—10 


46. 


01—10 


78. 


10—10 


110. 


11 — 


15, 00 11 


47, 


01 11 


79, 


10—11 


Ill, 


11 — 


16. 00—00 


48. 


01—00 


80. 


10—00 


112. 


11 — 


17. 00—01 


49. 


01-— 01 


81. 


10—01 


113. 


11 — 


18. 00—10 


50. 


01—10 


82. 


10- — 10 


114. 


11- 


19. 00 11 


51. 


01—11 


83. 


10—11 


115. 


11 — 


20. 00—00 


52. 


01 — -00 


84. 


10—00 


116. 


11 — 


21. 00 01 


53. 


01 01 


85. 


10—01 


117. 


11 — 


22. 00—10 


54. 


01 — -10 


86. 


10—10 


118. 


11 — 


23. 00 11 


55. 


01—11 


87. 


10 11 


119. 


11 — 


24. 00—00 


56. 


01—00 


88. 


10—00 


120. 


11 — 


25. 00—01 


57. 


01—01 


89. 


10—01 


121. 


11 — 


26. 00—10 


58. 


01- — 10 


90. 


10—10 


122. 


11 — 


27. 00—11 


59. 


01 — 11 


91. 


10—11 


123. 


11 — 


28. 00 00 


60. 


01—00 


92. 


10—00 


124. 


11 — 


29. 00—01 


61. 


01 — -01 


93. 


10—01 


125. 


11 — 


30. S. W. 


62. 


s. w. 


94. 


P.W. 


126. 


P.W. 


31. P.W. 


63. 


P.W. 


95. 


P.W. 


127. 


P.W. 


S. W. - Scratch Word 








P. W. - Proces 


s Word 











-00 
-01 
-10 

-11 

-00 
-01 
-10 

-11 

-00 
-01 
-10 

-11 

—00 
-01 
-10 

-11 

-00 
-01 
-10 

—11 

-00 
-01 
-10 

-11 

-00 

-01 
— 10HSAA3 

-11 HSAA2 
—00 

-01 HSAAl 



MCA 

0. 00—00 

1. 00—01 

2. 00 10 

3. 00—11 

4. 00—00 

5. 00—01 

6. 00—10 

7. 00—11 

8. 00—00 

9. 00—01 

10. 00—10 

11. 00—11 

12. 00—00 

13. 00—01 

14. 00—10 

15. 00 11 

16. 00—00 

17. 00—01 

18. 00—10 

19. 00—11 

20. 00—00 

21. 00—01 

22. 00—10 

23. 00—11 

24. 00—00 

25. 00—01 

26. 00 10 

27. 00—11 

28. 00—00 

29. 00—01 

30. S.W. 

31. P.W. 



MCA-B 



32. 01 — 

33. 01—1 

34. 01 — 

35. 01 — 

36. 01 — 

37. 01 — 

38. 01 — 

39. 01 — 

40. 01 — 

41. 01 — 

42. 01 — 

43. 01 — 

44. 01 — 

45. 01 — 

46. 01 — 

47. 01 — 

48. 01 — 

49. 01 

50. 01 

51. 01 — 

52. DI- 
SS. 01 — 

54. 01- 

55. 01- 

56. 01— 

57. DI- 
SS. 01 — 

59. 01 — 

60. 01 — 

61. 01 — 

62. S.W, 

63. P.W, 



00 
01 
ID 
11 
00 
01 
10 
11 
00 
01 
10 

•11 

■00 
•01 
-10 

■11 

-00 
-01 
-10 

-11 

-00 

01 

-10 

-11 

00 

01 

-10 

-11 

00 
01 



64. 10 OOHSA 


96. 


11 OOHSA 


65. 10—01 


97. 


11—01 


66. 10—10 B-4 


98. 


11 lOA-1 


67. 10—11 


99. 


11—11 


68. 10—00 


100. 


11— OOHSA 


69. 10—01 


101. 


11 — -01 


70. 10—10 


102. 


11 — lOA-2 


71. 10—11 

72. 10—00 


103. 


11 — 11 


104. 


11—00 


73, 10—01 


105. 


11 01 HSA 


74. 10---10 


106. 


11 — -10 A-3 


75. 10—11 

76. 10—00 


107. 


11 — 11 


108. 


11—00 


77. 10—01 


109. 


11 01 


78. 10—10 


110. 


11 — 10 HSA 


79. 10—11 

80. 10—00 


111. 


11— 11 A-4 


112. 


11—00 


81. 10—01 


113. 


11—01 


82. 10—10 


114. 


11— 10 HSA 


83. 10—11 

84. 10—00 


115. 


11 llB-1 


116, 


11—00 


85. 10—01 


117. 


11— 01 


86. 10—10 


118. 


11— 10 HSA 


87. 10—11 

88. 10—00 


119. 


11 — U B-2 


120. 


11—00 


89. 10-— 01 


121. 


11—01 HSA 


90. 10 10 


122. 


11— lOB-3 


91. 10—11 


123. 


11 — 11 



92. 
93. 
94. 

95. 



10—00 
10—01 
P.W, 

P.W. 



124. 
125. 
126. 
127. 



11-- 
11 — 

P.W. 
P.W, 



00 
01 



Figure 34, Control Word Assignment — Four MCA's 



S,W. = Scratch Word 
P.W. = Process Word 

Figure 35. Control Word Assignment — Fewer Than Four MCA's 
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These requirements apply to both the high-speed 
adapters and the MCA. The following terms apply: 

H =total number of process control scan points 

used for all adapters. 
L = number of low-speed channels connected to 

an MCA, including the test channel. 
N = number of main frame scan points connected 

to an MCA. 

The multiplexing channel adapter will operate with 
a variety of bit rates, generally at 200 bits per sec- 
ond or less. Regardless of the operating speed, the 
foliowii^ fundamental requirements must be speci- 
fied: 



1. Each MCA must scan an odd number of lines. 
The quantities H and L must contain no common 
factors. 



2. Each MCA in an I-O frame must scan the same 
number of lines. This may mean scanning unused 
points in some MCA's. 

3. Up to six different bit rates may be used in one 
MCA. These speeds are assigned in groups of 

four channels. Scanning conditions, which insure 
that the highest bit rate will be properly scanned, in- 
sure that all lower bit rates will also be properly 
scanned. 

4. Each MCA may be connected to one, two, three, 
or four process control scan points. The more pro- 
cess control scan points used, the higher the bit rate 
that can be scanned in the MCA. 

Assuming that these requirements are met, 
Figures 36 and 37 give the maximum bit rates that 
can be scanned with various numbers of process 
control scan points and various numbers of MCA 
scan points. These figures show the bit rates when 
an MCA is connected to one, two, three, or four 
process control scan points. 



Number of PCR Scan Points 






I 



I 



I 




- indicates invalid combination 
Figure 36. Multiplexor Scanning Where a Low-Speed Group Is Connected to One PCR Scan Point 
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Number of PCR Scan Points 



13 14 15 16 

b/s b/s b/s b/s 




In order to obtain the bit rates shown in Figures 
38, 39, and 40, the process control scan points to 
which the MCA is connected cannot be arbitrarily 
chosen. In general, certain combinations of scan 
points must be used. Figures 38, 39, and 40 show 
the proper combination of scan points for various 
numbers of MCA scan points and process control 
scan points. In some cases, more than one combin- 
ation of scan points will give equivalent results. In 
all cases, the starting point of the combination has 
been referred to scan point 1. This represents an 
arbitrary reference point. For example, the com- 
bination 1-5-9 is equivalent to 2-6-10, or 5-9-13. 



indicates invalid combination 

Figure 37. Multiplexor Scanning Capabilities Where a Low Speed 
Group Is Connected to Two PCR Scan Points 



< 
O 

S 



s 



Number of PCR Scan Points 







































^ 


LNT 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 




1 


- 


A 


A 


A 


A 


A 


1,5 


1.5 


1,6 


1,6 


1,7 


1.7 


1,8 


1,8 


1.9 


1,9 




3 


_ 


A 


- 


A 


A 


- 


1,6 


1,5 


- 


1,6 


1,8 


- 


1,9 


1,8 


- 


1,9 




5 


_ 


A 


A 


A 


- 


1,4 


1,7 


1,5 


1,8 


- 


1.9 


1.7 


1,10 


1,8 


- 


1,9 




7 


_ 


A 


A 


A 


A 


1,4 


- 


1,5 


1,9 


1,6 


1,10 


1.7 


1.11 


- 


1.12 


1,9 




9 


- 


A 


- 


A 


A 


- 


1,2 


1.5 


- 


1.6 


1,11 


- 


1,12 


1,8 


- 


1.9 




11 


_ 


A 


A 


A 


A 


1,4 


1,3 


1,5 


1,2 


1,6 


- 


1.7 


1,13 


1,8 


1,14 


1.9 




13 


_ 


A 


A 


A 


A 


1,4 


1,4 


1.5 


1,3 


1,6 


1.2 


1.7 


- 


1,8 


1,15 


1.9 




15 


- 


A 


- 


A 


- 


- 


1,5 


1,5 


- 


- 


1,3 


- 


1.2 


1,8 


- 


1.9 




17 


- 


A 


A 


A 


A 


1,4 


1,6 


1,5 


1,5 


1,6 


1.4 


1.7 


1,3 


1,8 


1,2 


1.9 




19 


- 


A 


A 


A 


A 


1.4 


1,7 


1,5 


1,6 


1,6 


1,5 


1.7 


1.4 


1,8 


1,3 


1.9 




21 


- 


A 


- 


A 


A 


- 


- 


1,5 


- 


1,6 


1,6 


- 


1,5 


- 


- 


1.9 




23 


- 


A 


A 


A 


A 


1,4 


1.2 


1,5 


1,8 


1,6 


1,7 


1,7 


1,6 


1,8 


1,5 


1.9 




25 


- 


A 


A 


A 


- 


1,4 


1,3 


1,5 


1,9 


- 


1,8 


1,7 


1,7 


1,8 


- 


1.9 




27 


- 


A 


- 


A 


A 


- 


1,4 


1,5 


- 


1,6 


1,9 


- 


1,8 


1,8 


- 


1.9 




29 


- 


A 


A 


A 


A 


1,4 


1,5 




1,5 


1,2 


1,6 


1,10 


1,7 


1,9 


1.8 


1,8 


1.9 



- Indicates invalid combination; A indicates arbitrary connection 
Figure 38. Connection Point When an MCA Is Connected to Two Process Control Rack Scan Points 
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Number of PCR Scan Points 



< 

y 



X 


1 2 3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


1 


A 


A 


A 


A 


1-3-5 
1-2-5 


1,4,6 


1,4,7 


1-4-7 
1-3-7 


1,4,8 


1,5,9 


1-5-9 
1-4-9 


1,6,11 


1,6,11 


1-6-11 
1-5-11 


3 


- 


A 


A 


- 


1-2-3 
1-3-5 


1,2,3 


- 


1-2-3 

1-3-5 


1,2,3 


- 


1-2-3 
1-3-5 


1,2,3 


- 


1-2-3 
1-3-5 


5 


A 


A 


- 


A 


1-2-5 
1-2-3 


1,2,3 


1,4,7 


- 


1,3,5 


1,5,9 


1-2-8 
1-2-3 


1,4,7 


- 


1-3-10 
1-3-5 


7 


A 


A 


A 


A 


- 


1,4,6 


1,4,7 


1-2-3 
1-3-5 


1,2,7 


1,5,9 


1-3-5 
1-5-9 


- 


1,6,11 


1-4-7 
1-5-11 


9 


- 


A 


A 


- 


1-2-5 
1-2-3 


1,4,6 


- 


1-4-7 
1-3-7 


1,4,7 


- 


1-4-7 
1-2-8 


1,4,7 


- 


1-4-7 
1-5-11 


11 


A 


A 


A 


A 


1-2-3 
1-3-5 


1,2,3 


1,4,7 


1-4-7 
1-3-7 


- 


1,5,9 


1-4-9 
1-4-7 


1,2,3 


1,6,11 


1-3-10 
1-3-5 


13 


A 


A 


A 


A 


1-3-5 
1-2-5 


1,2,3 


1,4,7 


1-2-3 

1-3-5 


1,4,7 


1,5,9 


- 


1,5,10 


1,6,11 


1-2-3 
1-3-5 


15 


- 


A 


- 


- 


A 


1,4,6 


- 


- 


1,2.7 


- 


1-4-9 
1-4-7 


1,5,10 


- 


1-6-11 
1-5-11 


17 


A 


A 


A 


A 


1-2-3 
1-3-5 


1,4,6 


1,4,7 


1-2-3 
1-3-5 


1,4,7 


1,5,9 


1-3-5 
1-2-8 


1,2,3 


1,6,11 


1-6-11 
1-5-11 


19 


A 


A 


A 


A 


1-2-5 
1-2-3 


1,2,3 


1,4,7 


1-4-7 
1-3-7 


1,2,3 


1,5,9 


1-3-5 
1-5-9 


1,4,7 


1,6,11 


1-2-3 
1-3-5 


21 


- 


A 


A 


- 


- 


1,2,3 


- 


1-4-7 
1-3-7 


1,4,8 


- 


1-2-8 
1-2-3 


1,4,7 


1,6,11 


1-3-10 
1-3-5 


23 


A 


A 


- 


A 


1-2-5 
1-2-3 


1,4,6 


1,4,7 


1-2-3 
1-3-S 


1,4,8 


1,5,9 


1-2-3 
1-3-5 


1,4,7 


1,6,11 


1-4-7 
1-5-11 


25 


A 


A 


- 


A 


1-2-3 
1-3-5 


1,4,6 


1,4,7 


- 


1,2,3 


1,5,9 


1-5-9 
1-4-9 


1,2,3 


- 


1-4-7 
l-S-U 


27 


- 


A 


A 


- 


1-3-5 
1-2-5 


1,2,3 


- 


1-2-3 
1-3-5 


1,3,5 


- 


1-5-9 
1-4-9 


1,5,10 


- 


1-3-10 
1-3-5 


29 


A 


A 


A 


A 


A 


1,2,3 


1,4,7 


1-4-7 
1-3-7 


1,2,7 


1,5,9 


1-2-3 
1-3-5 


1,3,10 


1,6,11 


1-2-3 
1-3-5 



- Indicates invalid combination; A indicates 
Figure 39, Connection Points When an MCA 



arbitrary connection 

Is Connected to Three PCR Scan Points 
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Number of PCR Scan Points 



i>! 


12 3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


IS 


16 














1-3-5-7 


1,4,7,10 






1-4-7-10 


1-4-8-12 






1 


A 


A 


A 


A 


1,3,5,7 


1-2-4-7 
1-2-5-7 


1,3,5,8 
1,3,6,8 


1,4,7,10 


1,4,7,10 


1-2-6-10 
1-3-7-11 
1-3-7-10 


1-5-8-12 
1-3-7-11 


1,5,9,13 


1,5,9,13 
















1,2,3,4 






1-2-6-10 


1-3-5-10 






3 


A 


A 




A 


1,3,5,7 




1,2,3,7 
1,2,6,7 


1,3,5,7 




1-2-3-4 

1-2-3-10 

1-2-6-7 


1-3-8-10 
1-3-5-7 


1,4,7,10 


1,5,9,13 














1-2-3-4 








1-3-5-7 


1-2-3-9 






S 


A 




A 


A 


1,3,5,7 


1-2-5-8 
1-2-4-8 




1,2,5,9 


1,4,7,10 


1-2-7-S 
1-2-4-8 
1-3-7-10 


1-2-8-9 
1-3-7-9 ' 




1,5,9,13 














1-2-5-6 


1,2,3,4 






1-3-6-11 








7 


A 


A 


A 




1,3,5,7 


1-2-4-7 
1-2-4-5 


1,2,3,7 
1,2,6,7 


1,2,3,4 


1,4,7,10 


1-3-5-7 
1-2-4-6 

1-3-4-6 




1,3,5,7 


1,5,9,13 
















1,2,5,8 






1-2-3-4 


1-2-3-9 






9 


A 


A 




A 


1,3,5,7 




1,3,5,8 
1,3,6,8 


1,2,6,7 




1-4-7-10 

1-2-4-7 

1-3-4-6 


1-2-8-9 
1-3-7-9 




1,5,9,13 














1-2-5-6 


1,4,7,10 






1-2-7-8 


1-3-5-10 






11 


A 


A 


A 


A 


1,3,5,7 


1-2-5-8 
1-2-4-5 


1,4,7,9 
1,4,6,9 




1,4,7,10 


1-3-6-11 
1-2-7-10 
1-2-6-7 


1-3-8-10 
1-3-5-7 


1.2,3,4 


1,5,9,13 














1-2-3-4 


1-2-3-4 








1-4-7-11 






13 


A 


A 


A 


A 


1,3,5,7 


1-2-4-7 
1-2-4-8 


1-2-3-7 
1-2-6-7 


1,2,6,7 


1,4,7,10 


" 


1-4-8-11 
1-3-7-11 


1,2,8,9 


1,5,9,13 






















1-2-7-8 


1-4-8-12 






15 


A 






A 


1,3,5,7 






1,2,3,4 




1-3-6-11 

1-2-6-9 

1-2-6-7 


l-S-8-12 
1-3-4-11 




1,5,9,13 














1-3-5-7 


1,2,3,4 






1-2-3-4 


1-3-5-10 






17 


A 


A 


A 


A 


1,3,5,7 


1-2-S-8 
1-2-5-7 


1,2,3,7 
1,2,6,7 


1,2,5,9 


1,4,7,10 


1-4-7-10 

1-4-6-7 

1-3-4-6 


1-3-8-10 
1-3-5-7 


1,2,8,9 


1-5-4-13 














1-3-5-7 


1,2,5,8 






1-3-6-11 


1-2-3-9 






19 


A 


A 


A 


A 


1,3,5,7 


1-2-4-7 
1-2-5-7 


1,3,5,8 
1,3,6,8 


1,3,5,7 


1,4,7,10 


1-3-5-7 
1-3-5-6 
1-3-4-6 


1-2-8-9 
1-3-7-9 


1,2,3,4 


1-5-9-13 
















1,4,7,10 






1-3-5-7 








21 


A 


A 






1,3,5,7 




1,4,7,9 
1,4,6,9 


1,3,6,9 




1-2-7-8 

1-3-4-10 

1-3-7-10 






1-5-4-13 














1-2-3-4 


1,2,3,4 






1-2-6-10 


1-2-3-9 






23 


A 


A 


A 


A 


1,3,5,7 


1-2-5-8 
1-2-4-8 


1,2,3,7 
1,2,6,7 


1,4,7,10 


1,4,7,10 


1-2-3-4 
1-2-3-7 
1-2-6-7 


1-2-8-9 
1-3-7-9 


1,3,5,7 


1-5-9-13 














1-2-5-6 








1-4-7-10 


1-3-5-10 






25 


A 




A 


A 


1,3,5,7 


1-2-4-7 
1-2-4-S 




1,3,5,7 


1,4,7,10 


1-2-6-10 
1-3-6-10 
1-3-7-10 


1-3-8-10 
1-3-5-7 




1-5-9-13 
















1,2,3,4 






1-4-7-10 


1-4-7-11 






27 


A 


A 




A 


1,3,5,7 




1,2,3,7 
1,2,6,7 


1,2,3,9 




1-2-6-10 
1-3-7-11 
1-3-7-10 


1-4-8-11 
1-3-7-11 




1-5-9-13 














1-2-5-6 


1,2,5,8 






1-2-6-10 


1-4-8-12 






29 


A 


A 


A 


A 


1,3,5,7 


1-2-5-8 
1-2-4-5 


1,3,5,8 
1,3,6,8 


1,2,3,4 


1,4,7,10 


1-2-3-4 

1-2-3-10 

1-2-6-7 


1-5-8-12 

1-3-4-11 


1,4,8,12 


1-5-9-13 



Figure 40, Connection Points When an MCA Is Connected to Four PCR Scan Points 
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ALPHABETIC LIST OF INSTRUCTIONS, BY NAME 



OCTAL l<NE 

OP MON 

CODE L£ 

1 145 AND 
1 16S AN! 
1 1 05 ANC 
1125 AC! 
1115 ANC* 



INSTRUCTION 

AND- 

AND AND INCREMENT 

AND COMPLEMENTED- 

AND COMPLEMENTED AND INCREMENT 

AND COMPLEMENTED INDIRECT 



II 33 AC I* AND COMPLEMENTED INDIRECT AND INCREMENT 

11S5 AND* AND INDIRECT 

1175 AN I* AND INDIRECT AND INCREMENT 

0707 BRA BRANCH 

0717 BRA* BRANCH INDIRECT 

0744 BRO BRANCH ON ONES 

0754 BRO* BRANCH ON ONES INDIRECT 

0544 BRT BRANCH ON TEST 

0704 BRZ BRANCH ON ZERO 

0714 BRZ* BRANCH ON ZERO INDIRECT 



INCREMENT 



0003 CAL COMPARE ADDRESS TO LIMIT 

0023 CAI COMPARE ADDRESS TO LIMIT AND 

1101 XOR EXCLUSIVE OR 

1121 XOI EXCLUSIVE OR AND INCREMENT 

1141 XOC EXCLUSIVE OR COMPLEMENTED 



1161 XCI EXCLUSIVE OR COMPLEMENTED AND INCREMENT 

1151 XOC* EXCLUSIVE OR COMPLEMENTED INDIRECT 

1171 XCI* EXCLUSIVE OR COMPLEMENTED INDIRECT AND INCREMENT 

1111 XOR* EXCLUSIVE OR INDIRECT 

1131 XOI* EXCLUSIVE OR INDIRECT AND INCREMENT 

0702 GTA GET ADDRESS 

0:712 GTA* GET ADDRESS INDIRECT 

0502 GOA GET AND OR ADDRESS 

0512 GOA* GET AND OR ADDRESS INDIRECT 

0102 GOL GET AND OR LIMIT 

0112 GOL* GET AND OR LIMIT INDIRECT 

0302 GTL GET LIMIT 

0312 GTL* GET LIMIT INDIRECT 

1102 lOR INCLUSIVE OR 

1122 lOI INCLUSIVE OR AND INCREMENT 

1142 IOC INCLUSIVE OR COMPLEMENTED 

1162 ICI INCLUSIVE OR COMPLEMENTED AND INCREMENT 

1152 IOC* INCLUSIVE OR COMPLEMENTED INDIRECT 

1172 ICI* INCLUSIVE OR COMPLEMENTED INDIRECT AND INCREMENT 

1112 lOR* INCLUSIVE OR INDIRECT 

1132 lOI* INCLUSIVE OR INDIRECT AND INCREMENT 
1302 LOD LOAD CHARACTER 

1322 LOI LOAD CHARACTER AND INCREMENT 

1312 LOD* LOAD CHARACTER INDIRECT 

1332 LOI* LOAD CHARACTER INDIRECT AND INCREMENT 



NO. 




OF 




CYCLES 


PAGf 


1 


29 


1 


29 


1 


29 


1 


29 


2 


29 


2 


29 


2 


29 


2 


29 




31 




31 




31 




31 




31 




31 




31 




31 




31 




27 




27 




27 


I 


27 


2 


27 


2 


28 


2 


27 


2 


27 


1 


30 


2 


30 


I 


30 


2 


30 


1 


30 


2 


30 


1 


30 


2 


30 


1 


28 


1 


28 


1 


28 


I 


28 


2 


28 


2 


28 


2 


28 


2 


28 


I 


26 


1 


26 


2 


26 


2 


26 



Alphabetic List of Instructions, by Name 75 



OCTAL «NE 

OP MON 

CODE IC 



INSTRUCTION 



1342 l_DC LOAD COMPLEMENTED CHARACTER 

1362 LCI LOAD COMPLEMENTED CHARACTER AND INCREMENT 

1352 LDC* LOAD COMPLEMENTED CHARACTER INDIRECT 

1372 LCI* LOAD COMPLEMENTED CHARACTER INDIRECT AND INCREMENT 

0106 MOC MOVE WORD AND OR TO CONTROL STORAGE 

0116 MOC* MOVE WORD AND OR TO CONTROL STORAGE INDIRECT 

0306 MWC MOVE WORD TO CONTROL STORAGE 

0316 MWC* MOVE WORD TO CONTROL STORAGE INDIRECT 

0206 MWP MOVE WORD TO PROCESS STORAGE 

0216 MWP* MO Ve^ WORD TO PROCESS STORAGE INDIRECT 

1042 OCP OR COMPLEMENT TO PROCESS STORAGE 

1052 OCP* OR COMPLEMENT TO PROCESS STORAGE INDIRECT 

1072 OCI* OR COMPLEMENT TO PROCESS STORAGE INDIRECT AND INCREMENT 

1002 ORP OR TO PROCESS STORAGE 

1012 ORP* OR TO PROCESS STORAGE INDIRECT 

1032 ORI* OR TO PROCESS STORAGE INDIRECT AND INCREMENT 

0602 PTA PUT ADDRESS 

0612 PTA* PUT ADDRESS INDIRECT 

0202 PTl PUT LIMIT 

0212 PtL* PUT LIMIT INDIRECT 

0000 SNS SENSE 

0706 TAC TRANSMIT ADDRESS TO CONTROL STORAGE 

0716 TAC* TRANSMIT ADDRESS TO CONTROL STORAGE INDIRECT 

0606 TAP TRANSMIT ADDRESS TO PROCESS STORAGE 

0616 TAP* TRANSMIT ADDRESS TO PROCESS STORAGE INDIRECT 

0506 TOC TRANSMIT AND OR ADDRESS TO CONTROL STORAGE 

0516 TOC* TRANSMIT AND OR ADDRESS TO CONTROL STORAGE INDIRECT 

1202 UNL UNLOAD CHARACTER 

1212 UNL* UNLOAD CHARACTER INDIRECT 

1232 ULI* UNLOAD CHARACTER INDIRECT AND INCREMENT 

1242 ULC UNLOAD COMPLEMENTED CHARACTER 

1252 ULC* UNLOAD COMPLEMENTED CHARACTER INDIRECT 

1272 UCI* UNLOAD COMPLEMENTED CHARACTER INDIRECT AND INCREMENT 



NO. 




OF 




CYCLES 


PAGE 


1 


26 


1 


26 


2 


26 


2 


26 


2 


31 


2 


31 


2 


31 


2 


31 


2 


31 


2 


31 


1 


29 


2 


29 


2 


29 


I 


28 


2 


28 


2 


28 


1 


30 


2 


30 


1 


30 


2 


30 


1 


32 


2 


30 


2 


30 


2 


30 


2 


30 


2 


30 


2 


31 


1 


27 


2 


27 


2 


27 


1 


27 


2 


27 


2 


27 
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ALPHABETIC LIST OF INSTRUCTIONS. BY MNEMONICS 



OCTAL 


MNE 




OP 


MON 




CODE 


ic 




1125 


AC I 


AND 


113S 


AC I* 


AND 


1 105 


ANC 


AND 


1 t 15 


ANC* 


AND 


1 145 


AND 


AND 


1155 


AND* 


AND 


1165 


ANt 


AND 


1 175 


AN I* 


AND 


0707 


BRA 


BRAI 


0717 


BRA* 


BRAI 



COMPLEMENTED 
COMPLEMENTED 
COMPLEMENTED 
COMPLEMENTED 



INSTRUCTION 

AND I NCREMENT 

INDIRECT AND INCREMENT 

INDIRECT 



INDIRECT 

AND INCREMENT 

INDIRECT AND INCREMENT 
ICH 
JCH INDIRECT 



0744 BRO BRANCH ON ONES 

0754 BRO* BRANCH ON ONES INDIRECT 

0544 BRT BRANCH ON TEST 

0704 BRZ BRANCH ON ZERO 

0714 BRZ* BRANCH ON ZERO INDIRECT 

0023 CAI COMPARE ADDRESS TO LIMIT AND 
0003 CAL COMPARE ADDRESS TO LIMIT 
0502 GOA GET AND OR ADDRESS 
0512 GOA* GET AND OR ADDRESS INDIRECT 
0102 GOL GET AND OR LIMIT 



INCREMENT 



0112 
0702 
0712 
0302 
0312 



GOL* 

GTA 

6TA* 

GTL 

GTL* 



1162 ICI 
1172 ICI* 
1 1 42 I OC 
1152 IOC* 
1122 lOI 

1132 lOI* 
1102 I OR 
1112 lOR* 
1362 LCI 
1372 LCI* 



GET AND OR LIMIT INDIRECT 

GET ADDRESS 

GET ADDRESS INDIRECT 

GET LIMIT 

GET LIMIT INDIRECT 

INCLUSIVE OR COMPLEMENTED 
INCLUSIVE OR COMPLEMENTED 
INCLUSIVE OR COMPLEMENTED 
INCLUSIVE OR COMPLEMENTED INDIRECT 
INCLUSIVE OR AND INCREMENT 

INCLUSIVE OR INDIRECT AND INCREMENT 

INCLUSIVE OR 

INCLUSIVE OR INDIRECT 

LOAD COMPLEMENTED CHARACTER 

LOAD COMPLEMENTED CHARACTER 



AND INCREMENT 
INDIRECT AND INCREMENT 



AND INCREMENT 

INDIRECT AND INCREMENT 



1342 LOC LOAD COMPLEMENTED CHARACTER 

1352 LDC* LOAD COMPLEMENTED CHARACTER INDIRECT 

1302 LOD LOAD CHARACTER 

1312 LOD* LOAD CHARACTER INDIRECT 

1322 LOI LOAD CHARACTER AND INCREMENT 

1332 LOI* LOAD CHARACTER INDIRECT AND INCREMENT 

0106 MOC MOVE WORD AND OR TO CONTROL STORAGE 

0116 MOC* MOVE WORD AND OR TO CONTROL STORAGE INDIRECT 

0306 MWC MOVE WORD TO CONTROL STORAGE 

0316 MWC* MOVE WORD TO CONTROL STORAGE INDIRECT 



NO* 




OF 




CYCLES 


PAGE 


1 


29 


2 


29 


1 


29 


2 


29 


1 


29 


2 


29 


1 


29 


2 


29 


1 


31 


1 


31 


1 


31 


1 


31 


1 


31 


1 


31 


1 


31 


I 


31 


1 


31 


1 


30 


2 


30 


1 


30 


2 


30 


1 


30 


2 


30 


I 


30 


2 


30 


1 


28 


2 


28 


1 


28 


2 


28 


1 


28 


2 


28 


1 


28 


2 


28 


1 


26 


2 


26 


1 


26 


2 


26 


1 


26 


2 


26 


1 


26 


2 


26 


2 


31 


2 


31 


2 


31 


2 


31 



Alphabetic List of Instructions, by Mnemonics 77 



OCTAL MNE 

OP MON 

CODE IC 



I NSTRUCT I ON 



N0> 
OF 
CYCLES PAGE 



0206 MWP MOVE WORD TO PROCESS STORAGE 2 

0216 MWP* MOVE WORD TO PROCESS STORAGE INDIRECT 2 
1072 OCI* OR COMPLEMENT TO PROCESS STORAGE INDIRECT AND INCREMENT 2 

1042 OCP OR COMPLEMENT TO PROCESS STORAGE 1 

1052 OCP* OR COMPLEMENT TO PROCESS STORAGE INDIRECT 2 

1032 OR I* OR TO PROCESS STORAGE INDIRECT AND INCREMENT 2 

1002 ORP OR TO PROCESS STORAGE 1 

1012 ORP* OR TO PROCESS STORAGE INDIRECT 2 

0602 PTA PUT ADDRESS I 

0612 PTA* PUT ADDRESS INDIRECT 2 

0202 PTL PUT LIMIT 1 

0212 PTL* PUT LIMIT INDIRECT 2 

0000 SNS SENSE 1 

0706 TAC TRANSMIT ADDRESS TO CONTROL STORAGE 2 

0716 TAC* TRANSMIT ADDRESS TO CONTROL STORAGE INDIRECT 2 

0606 TAP TRANSMIT ADDRESS TO PROCESS STORAGE 2 

0616 TAP* TRANSMIT ADDRESS TO PROCESS STORAGE INDIRECT 2 

0506 TOC TRANSMIT AND OR ADDRESS TO CONTROL STORAGE 2 

0516 TOC* TRANSMIT AND OR ADDRESS TO CONTROL STORAGE INDIRECT 2 

1272 UCI* UNLOAD COMPLEMENTED CHARACTER INDIRECT AND INCREMENT 2 

1242 ULC UNLOAD COMPLEMENTED CHARACTER 1 

1252 ULC* UNLOAD COMPLEMENTED CHARACTER INDIRECT 2 

1232 ULI* UNLOAD CHARACTER INDIRECT AND INCREMENT 2 

1202 UNL UNLOAD CHARACTER 1 

1212 UNL* UNLOAD CHARACTER INDIRECT 2 

1161 XCI EXCLUSIVE OR COMPLEMENTED AND INCREMENT 1 

1171 XCI* EXCLUSIVE OR COMPLEMENTED INDIRECT AND INCREMENT 2 

1141 XOC EXCLUSIVE OR COMPLEMENTED 1 

1151 XOC* EXCLUSIVE OR COMPLEMENTED INDIRECT 2 

1121 XOI EXCLUSIVE OR AND INCREMENT 1 

1131 XOI* EXCLUSIVE OR INDIRECT AND INCREMENT 2 

1101 XOR EXCLUSIVE OR 1 

nil XOR* EXCLUSIVE OR INDIRECT 2 



31 
31 
29 
29 
29 

28 
28 
28 
30 
30 

30 
30 
32 
30 
30 

30 
30 
30 
31 
27 

27 
27 
27 
27 
27 

27 
26 
27 

27 
27 

27 
27 
27 
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NUMERICAL LIST OF INSTRUCTIONS, BY OP CODE 



OCTAL IWME 

OP MON 

CODE IC 

0000 SNS 

0003 CAL 

0023 CAI 

0102 GOL 

0l06 MOC 



INSTRUCTION 

SENSE 

COMPARE ADDRESS TO LIMIT 

COMPARE ADDRESS TO LIMIT AND INCREMENT 

GET AND QR LIMIT 

MOVE WORD AND OR TO CONTROL STORAGE 



0U2 GOL* GET AND OR LIMIT INDIRECT 
0116 MOC* MOVE WORD AND OR TO CONTROL 
0202 PTL PUT LIMIT 

0206 MWP MOVE WORD TO PROCESS STORAGE 
0212 PTL* PUT LIMIT INDIRECT 



STORAGE INDIRECT 



0216 MWP* MOVE WORD TO PROCESS STORAGE INDIRECT 
0302 GTL GET LIMIT 

MOVE WORD TO CONTROL STORAGE 
INDIRECT 



0306 MWC 

0312 GTL* GET LIMIT 



0316 MWC* MOVE WORD TO CONTROL STORAGE INDIRECT 

0502 GOA GET AND OR ADDRESS 

0506 TOC TRANSMIT AND OR ADDRESS TO CONTROL STORAGE 

0512 GOA* GET AND OR ADDRESS INDIRECT 

0516 TOC* TRANSMIT AND OR ADDRESS TO CONTROL STORAGE INDIRECT 

0544 BRT BRANCH ON TEST 

0602 PTA PUT ADDRESS 

0606 TAP TRANSMIT ADDRESS TO PROCESS STORAGE 

0612 PTA* PUT ADDRESS INDIRECT 

0616 TAP* TRANSMIT ADDRESS TO PROCESS STORAGE INDIRECT 

0702 GTA GET ADDRESS 

0704 BRZ BRANCH ON ZERO 

0706 TAC TRANSMIT ADDRESS TO CONTROL STORAGE 

0707 BRA BRANCH 

0712 GTA* GET ADDRESS INDIRECT 
0714 BRZ* BRANCH ON ZERO INDIRECT 

0716 TAC* TRANSMIT ADDRESS TO CONTROL STORAGE INDIRECT 

0717 BRA* BRANCH INDIRECT 
0744 BRO BRANCH ON ONES 

0754 BRO* BRANCH ON ONES INDIRECT 
1002 ORP OR TO PROCESS STORAGE 

1012 ORP* OR TO PROCESS STORAGE INDIRECT 

1032 OR I* OR TO PROCESS STORAGE INDIRECT AND INCREMENT 

1042 OCP OR COMPLEMENT TO PROCESS STORAGE 

1052 OCP* OR COMPLEMENT TO PROCESS STORAGE INDIRECT 

1072 OCI* OR COMPLEMENT TO PROCESS STORAGE INDIRECT AND INCREMENT 

1101 XOR EXCLUSIVE OR 

1102 lOR INCLUSIVE OR 

1 1 05 ANC AND COMPLEMENTED 

nil XOR* EXCLUSIVE OR INDIRECT 

1112 lOR* INCLUSIVE OR INDIRECT 



NO. 




OF 




CYCLES 


PAGE 


1 


32 


1 


31 


1 


31 


1 


30 


2 


31 


2 


30 


2 


31 


1 


30 


2 


31 


2 


30 


2 


31 


1 


30 


2 


31 


2 


30 


2 


31 


1 


30 


2 


30 


2 


30 


2 


31 


1 


31 


1 


30 


2 


30 


2 


30 


2 


30 


1 


30 


I 


31 


2 


30 


1 


31 


2 


30 


1 


31 


2 


30 


1 


31 


1 


31 


1 


31 


1 


28 


2 


28 


2 


28 


1 


29 


2 


29 


2 


29 


1 


27 


1 


28 


1 


29 


2 


27 


2 


26 



Numerical List of Instructions, hy Op Cof^e 
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OCTAL MNE 

OP MON 

CODE IC 

mS ANC* 

1121 XO 1 

1122 lOI 
I 125 ACT 
1131 XOI» 



INSTRUCTION 

INDIRECT 

INCREMENT 
INCREMENT 
AND INCREMENT 



AND COMPLEMENTED 
EXCLUSIVE OR AND 
INCLUSIVE OR AND 
AND COMPLEMENTED 
EXCLUSIVE OR INDIRECT AND INCREMENT 



1132 101 » INCLUSIVE OR INDIRECT AND INCREMENT 

1135 ACI* AND COMPLEMENTED INDIRECT AND INCREMENT 

1141 XOC EXCLUSIVE OR COMPLEMENTED 

1142 IOC INCLUSIVE OR COMPLEMENTED 
1 145 AND AND 



1151 XOC* 

1152 IOC* 
1 155 AND* 

1161 XCI 

1162 ICI 

1 165 ANI 

1171 XCI* 

1172 ICI* 
1 175 ANI * 
1202 UNL 

1212 UNL* 

1232 ULI* 

1242 ULC 

1252 ULC* 

1272 UCI* 

1302 LOD 
1312 LOD* 
1322 LOI 
1332 LOI* 
1342 LDC 

1352 LDC* 
1362 LCI 
1372 LCI* 



EXCLUSIVE OR 
INCLUSIVE OR 
AND INDIRECT 
EXCLUSIVE OR 
INCLUSIVE OR 



COMPLEMENTED 
COMPLEMENTED 

COMPLEMENTED 
COMPLEMENTED 



INDIRECT 
INDIRECT 



AND 
AND 



INCREMENT 
INCREMENT 



AND AND INCREMENT 

EXCLUSIVE OR COMPLEMENTED INDIRECT AND 

INCLUSIVE OR COMPLEMENTED INDIRECT AND 

AND INDIRECT AND INCREMENT 

UNLOAD CHARACTER 



INCREMENT 

INCREMENT 



UNLOAD CHARACTER INDIRECT 

UNLOAD CHARACTER INDIRECT AND INCREMENT 

UNLOAD COMPLEMENTED CHARACTER 

UNLOAD COMPLEMENTED CHARACTER INDIRECT 

UNLOAD COMPLEMENTED CHARACTER INDIRECT 



AND INCREMENT 



LOAD 
LOAD 
LOAD 
LOAD 
LOAD 

LOAD 
LOAD 
LOAD 



CHARACTER 

CHARACTER INDIRECT 
CHARACTER AND INCREMENT 
CHARACTER INDIRECT AND INCREMENT 
COMPLEMENTED CHARACTER 



COMPLEMENTED 
COMPLEMENTED 
COMPLEMENTED 



CHARACTER INDIRECT 
CHARACTER AND INCREMENT 
CHARACTER INDIRECT AND INCREMENT 



NO* 




OF 




CYCLES 


PAGE 


2 


29 


1 


27 


1 


28 


1 


29 


2 


27 


2 


28 


2 


29 


1 


27 


1 


28 


1 


29 


2 


27 


2 


28 


2 


29 


1 


27 


1 


28 


1 


29 


2 


28 


2 


28 


2 


29 


I 


27 


2 


27 


2 


27 


1 


27 


2 


27 


2 


27 


1 


26 


2 


26 


1 


26 


2 


26 


1 


26 


2 


26 


1 


26 


2 


26 



80 



INDEX 



AOeREV I AT I ONS 

ASBBEVIATIONS OF INSTRUCTIONS 

ACIF 

ACTION DELAY CHARACTER 

ACTION DELAY CHARACTER DECODER 

ACTION DELAYING FEATURE 

ACTION FIELD 

ADAPTER CONTROL INTERFACE 8. 33. 34. 

ADAPTER SYNCHRONIZATION 

ADAPTER SYNCHRONIZATION LINE 



7 
23 
61 
42 
42 

41 
16 
40. 55 
39. 62 
35. 38. 39 



35. 



CHANNEL SERVICE MODE REQUEST BIT 

CHANNEL SERVICE REGISTER 18. 25. 26. 40. 41. 

CHANNEL WORD 8. 14. 33. 34. 33. 40. 42. 

CHANNEL WORD ADDRESS 

CHANNEL WORD FORMAT 8. 

CHARACTER ADDRESS 

CHARACTER ADDRESS FIELD 

CHARACTER- AND ADDRESS-MOVING INSTRUCTIONS 

CHARACTER ASSEMBLY FIELD 

CHARACTER ASSEMBLY AND DISTRIBUTION 



41 , 43 
43. 50 
61 . 62 
43 
34. 37 



16 
34 
21 
8 
35 



ADAPTER SYNCHRONIZATION PATTERN 

ADDRESS COMPARE 

ADDRESS COMPARE TRIGGER 

ADDRESS FIELD 9 

ADDRESS INCREMENTING 

ADDRESS MODIFICATION 12. 20. 2S 

ADDRESS REGISTER 

ADDRESS- AND LIMIT-MOVING INSTRUCTION 
ADDRESS- AND LIMIT-MOVING INSTRUCTIONS 
ADDRESS- AND LIMIT-MOVING OPERATIONS 

ADDRESSABLE REGISTERS 

ADDRESSING 

AND AND INCREMENT INSTRUCTION 

AND COMPLEMENTED INSTRUCTION 

AND COMPLEMENTED INDIRECT INSTRUCTION 



41 
48 
45 
16 

25 

26 

55 

16 

23-25 

30 



18. 



25 
24 
29 
29 
29 



CHARACTER CONTROL 
CHARACTER CONTROL FIELD 
CHARACTER INTERRUPT 
CHARACTER INTERRUPT TIMING 
CHARACTER INTERRUPT TRIGGER 

CHARACTER LENGTH 
CHARACTER LENGTH FIELD 
CHARACTER-MAN IPULAT I NG 1 NSTRUCTI ONS 
CHARACTER OPERATIONS 
CHARACTER PHASE COUNTER 

CHARACTER SYNC PATTERN 
CHARACTER SYNCHRONIZATION 
CHECK LIGHT 
CHECK SWITCH 
CHECKS 



38. 



16 

35. 38. 39 

42. 47. 61 

42 

45 

16 

8 

23. 24. 25 

26 

61 

62 
38 

51 
50 
49 



AND INDIRECT INSTRUCTION 

AND INDIRECT AND INCREMENT INSTRUCTION 
AND INSTRUCTION 
AND INSTRUCTIONS 

AND COMPLEMENTED INDIRECT AND INCREMENT 
INSTRUCTION 

ARITHMETIC OPERATIONS 
ASSEMBLY AREA 
ASSEMBLY OF CHARACTERS 
ASSEMBLY/DISTRIBUTION FIELD 

ATTENTION BIT 

ATTENTION SIGNAL 
AUTOMATIC LIGHT 



BIT COUNT CONTROL FIELD 

BLOCK 

BLOCK CONTROL CHARACTER 

BLOCKS 

BLOWER LIGHT 

BRANCH INDIRECT INSTRUCTION 

BRANCH INSTRUCTION 

BRANCH TYPE INSTRUCTIONS 

BRANCH ON ONES INSTRUCTION 

BRANCH ON ONES INDIRECT INSTRUCTION 

BRANCH ON TEST INSTRUCTION 
BRANCH ON ZERO INSTRUCTION 
BRANCH ON ZERO INDIRECT INSTRUCTION 



CARRIER ON LIGHT 

CARRIER ON LINE 

CE TEST LIGHT 

CHAIN 

CHAIN C-A-B-D 

CHAINING 

CHANNEL ADAPTERS 

CHANNEL ADAPTER RACK 

CHANNEL ADAPTERS AND SCAN POINTS 

CHANNEL CAPABILITIES 

CHANNEL CHECK 
CHANNEL CHECK LIGHTS 
CHANNEL CHECK TRIGGER 
CHANNEL ERROR B I T 
CHANNEL ERRORS 

CHANNEL ERROR TRIGGER 
CHANNEL INPUT •OUTPUT 
CHANNEL RESET KEY 
CHANNEL SCANNER 
CHANNEL SERVICE 



29 
29 
29 
24 







12 


a. 


35. 


37 

7 




16. 


34 


19, 


43. 


44 

47 
52 

8 




25. 


43 


10. 37. 


47. 


48 
11 
SO 


22. 


25. 


31 




25. 


31 


20. 24. 


25. 


31 
31 
31 




24, 


31 
31 
31 

52 
62 
51 




61 . 


62 

I 1 

9 


8. 34. 


35. 


53 

6 

69 

68 

49 

51 




40> 


50 




41 . 


43 
39 

40 
33 
50 




55. 


56 


10. 32. 


40. 


43 



CIRCUIT BREAKERS LIGHT 

CLEAR KEY 

CLEAR SWITCH 

CLEAR TO SEND LIGHT 

CLOCK CHECK 

CLOCK ERROR 
CLOCK PHASES 
CLOCK-HOLD 
CLOCK-HOLD STATUS 
CLT SENSE LINES 



50 
51 
47 
52 
49 

50 

20 

7 

51 

65 



CLT WRAP-ON LIGHT 51 

COMMUNICATION-BASED DATA PROCESSING SYSTEM 5 

COMMUNICATIONS CHANNEL 8« 9. 39. 57 

COMMUNICATIONS LINES TERMINATOR 35. 58. 61. 64 

COMMUNICATIONS LINE TERMINATOR RACK 6 



COMMUNICATIONS SYSTEMS DESIGN 

COMMUNICATIONS TERMINOLOGY 

COMPARE ADDRESS TO LIMIT AND INCREMENT 

INSTRUCTION 
COMPARE ADDRESS TO LIMIT INSTRUCTION 
COMPARE-ADORESS-TO-LIMIT INSTRUCTIONS 

COMPARE- AOORESS-TO-L I M I T I NSTRUCT I ONS 
COMPLEMENT I NG 
COMPUTER RESET BIT 

CONFIGURATIONS OF CHANNEL ADAPTERS 
CONNECTION POINTS WHEN MCA IS CONNECTED 
MF SCAN POINTS 



68 

6 

31 
31 
21 

24 
13 
43 
69 

72 



IS CONNECTED 



CONNECTION POINTS WHEN MCA 

TO THREE MF SCAN POINTS 
COf*IECTION POINTS WHEN MCA IS CONNECTED 

TO FOUR MF SCAN POINTS 
CONTINUOUS HUNT 
CONTINUOUS READ OR WRITE OF ONE STORAGE LOCATION 49 
CONTROL BIT 19. 37. 44. 62 



37. 



73 



74 
38 



CONTROL INSTRUCTIONS 

CONTROL OPERATIONS 

CONTROL STORAGE 

CONTROL STORAGE ADDRESS ASSIGNMENTS 

CONTROL STORAGE ADDRESS REGISTER 



CONTROL STORAGE ADDRESSING 
CONTROL STORAGE DATA REGISTER 

8. 14. 18. 20. 22. 35. 39. 40. 
CONTROL STORAGE WORD 
CONTROL STORAGE WORD FORMATS 
CONTROL STORAGE WORDS. USE OF 



9. 23. 24 
31 

5. 14. 25 

63 

IB. 43 

25 



45. 46. SO. 61. 63 

23 
14 
69 



CONTROL STORAGE WORD REQUIREMENTS 69 

CONTROL SWITCHES AND KEYS SO 

CONTROL WORD 13 

CONTROL WORD ASSIGNMENT. FEWER THAN FOUR MCA S 70 

CONTROL WORD ASSIGNMENT. FOUR MCA S 70 



Index 



COPY ADDRESS COMPARE AND FIVE ONES S IMULTflNE0USLY4B 

COPY BIT 49 

COPY DELAY TRIGGER 45. 46 

COPY MODE 10. 13. 32. 44. 45. 47. 49 

COPY MODE BIT 45 



COPY MODE CHARACTER TRANSFER 

COPY MODE PROCESS yORD 

COPY MODE REQUEST 

COPY MODE STATUS 

COPY MODE STATUS BIT 

COPY MODE TERMINATION 

COPY PROCEED 

COPY PROCEED AND INHIBIT TRIGGERS 

COPY WORD 

CORE STORAGE RACK 

CORRECTIVE ACTIONS FOR CHANNEL ERRORS 
CUSTOMER FACILITIES 



46 
16 
48 
45 
45 

49 
46 
45 

47-49 
6 

41 
64 



FM-STR DISTORTION 
FRACTIONAL SAMPLING BIT 
FULL-DUPLEX 
FULL-DUPLEX CHANNEL 
FULL -DUPLEX OPERATION 

FULL WORD TRANSFER CHECK 
FULL WORD TRANSFER TRIGGER 



64 

16. 34. 35. 57 

6 

B. 34 

61 

49. 50 
SO 



G FIELD 

GET ADDRESS INDIRECT INSTRUCTION 

GET ADDRESS INSTRUCTION 

GET AND OH ADDRESS INSTRUCTION 

GET AND OR ADDRESS INDIRECT INSTRUCTION 



INSTRUCTION 
INDIRECT INSTRUCTION 



GET AND OR LIMIT 

GET AND OR LIMIT 

GET INSTRUCTIONS 

GET LIMIT INDIRECT INSTRUCTION 

GET LIMIT INSTRUCTION 



42 

30 
30 
30 
30 

30 
30 
24 
30 
30 



D FIELD 

DATA ASSEMBLY AND DISTRIBUTION 

DATA BIT 

DATA CONTROL 

DATA FLOW 

DATA-IN LINE 35. 36. 37 

DATA REGISTERS 

DATA SET 

DATA TRANSFER 

DATA TRANSFER CHECK 

DATA TRANSFER CHECK BIT 
DATA WORD 
DC OFF KEY 
DC ON KEY 
DC ON LIGHT 

DECODER 
DELAY BIT 
DELAY. SENDING 
DIAGNOSTIC FACILITIES 
DIAGNOSTIC OPERATION. OFF LINE 

DISTORTION 







38. 


39 

6 

56 






55. 


57 
33 


37. 


39. 


61 . 


62 






21 • 


23 


53. 


62. 


64. 


66 
6 






35. 


39 

16 
14 

50 
SO 
50 

38 






16. 


37 
35 
65 
66 



GO AHEAD CHARACTER 



H FIELD 
HALF -DUPLEX 
HALF-DUPLEX CHANNEL 
HIGH-SPEED ADAPTER 2 
HIGH-SPEED CHANNEL ERRORS 

HIGH-SPEED CHANNEL INDICATORS 

HIGH-SPEED COMMUNICATION CHANNELS 

HIGH-SPEED LINES 

HIGH-SPEED LINE TERMINATION 

HIGH-SPEED OPERATION. ON LINE 

HIGH-SPEED PATCH PANEL 
HIGH-SPEED SENSE LINE CONTROL 
HIGH-SPEED TEST JACK 
HIGH-SPEED WRAP-AROUND 
HOLD CONDITION 

HOLD STATUS 

HSA2 CONNECTIONS 

HUNT STATUS 

HUNT SYNCHRONIZATION 





36. 


42 


6. 


61. 


62 




a. 


34 


37. 40. 


62. 


63 
40 

52 
34 
6 
64 
65 

65 
66 
65 
66 

36 

39 

61 




39. 


62 

37 



E FIELD 

ECHO CHECKS 

EDITING 

EFFECT OF PATCH PANEL 

EFFECTIVE ADDRESS 



ON PROGRAMMING 



END BIT 19. 

END RESPONSE BIT 19. 

END-OF -BLOCK 

END SIGNAL 

ERROR CHANNEL WORD 40. 

ERROR CHECKING 49. 

ERROR INDICATION 

ERROR PROCEDURE 

ERROR TRIGGER 

EXCLUSIVE OR INSTRUCTION 

EXCLUSIVE OH INSTRUCTIONS 
EXCLUSIVE OR AND INCREMENT INSTRUCTION 
EXCLUSIVE OH COMPLEMENTED INSTRUCTION 
EXCLUSIVE OH COMPLEMENTED AND INCREMENT 

INSTRUCTION 
EXCLUSIVE OR COMPLEMENTED INDIRECT INSTRUCTION 



42 
65 

6 
65 
25 

44 
44 
41 
48 
41 

58 
62 

50 
50 
27 

24 
27 
27 

27 
27 



EXCLUSIVE OH COMPLEMENTED INDIRECT AND INCREMENT 

INSTRUCTION 28 

EXCLUSIVE OH INDIRECT INSTRUCTION 27 

EXCLUSIVE OR INDIRECT AND INCREMENT INSTRUCTION 27 
EXECUTE CYCLE 20 



F FIELD 38. 

F FIELD OF TIME-OUT-TAG ERROR CHANNEL WORD 
FIVE ONES TEST 
FIVE ONES TRIGGER 
FLAGS 



42 
63 
45 
45 
26 



IDENTIFICATION OF CHANNEL ERRORS 40 

IDLE CHARACTERS 63 

INCLUSIVE OR COMPLEMENTED AND INCREMENT 

INSTRUCTION 28 

INCLUSIVE OH COMPLEMENTED INDIRECT AND INCREMENT 

INSTRUCTION 28 

IN MODE 10. 13. 32. 44. 48. 49 



IN MODE REQUEST TRIGGER 
IN OPERATION 

INCLUSIVE OR INSTRUCTION 
INCLUSIVE OH INSTRUCTIONS 



46 

45 
28 
24 



INCLUSIVE OR COMPLEMENTED INDIRECT INSTRUCTION 28 

INCLUSIVE OR COMPLEMENTED INSTRUCTION 28 

INCLUSIVE OR INDIRECT AND INCREMENT INSTRUCTION 28 

INCLUSIVE OR INDIRECT INSTRUCTION 28 

INCREMENTING 13 

INDICATION OF LOW-SPEED CHANNEL ERROR TO PROGRAM 40 

INDIRECT ADDRESS 22 

INDIRECT ADDRESSING 13. 25 

INDIRECT ADDRESSING WITH INCREMENTING — SIP 25 

INDIRECT BRANCH TYPE INSTRUCTION 20 



INDIRECT INSTRUCTIONS 
INFORMATION CONVERSION 
INFORMATION TRANSFER 
INHIBIT TRIGGER 
INPUT BIT RATES 



INSTRUCTION COUNTER 

INSTRUCTION CYCLE 

INSTRUCTION PARITY ERROR 

INSTRUCTION REGISTER 

INSTRUCTION REGISTER PARITY CHECK 



12. 





22 




6 




13 


45. 


46 




70 


6. 20-22. 


32 


20. 42, 


46 




90 


18. 


20 




49 



INSTRUCTION SET 
INSTRUCTION TYPES 
INSTRUCTION WORD 
INSTRUCTION WORD FORMAT 
INSTRUCTION WORD ADDRESS — « 

INSTRUCTIONS 

INTERFACE CONTROL REGISTER 
INTERFACE DATA REGISTER 
INTERFACE PARITY 
INTERFACE RESET BIT 



18. 19. 



43. 

la 



24 
9 
14 
12 
24 

23 
44. 46. 47 
I 43. 45-47 

49 
19. 48 



INTERFACE RESET LIGHT SI 

INTERLOCK ERROR 62 

INTERLOCK LINE 62 

INTERRUPTION OR TERMINATION OF THE IN OPERATION 45 

INTERRUPTION OR TERMINATION OF THE OUT OPERATION 46 

I NTERRUPTS , n 



L FIELD 

LAST CLOCK SAMPLE SIT 
LAST DATA SAMPLE 
LAST DATA SAMPLE BIT 
LAST TIMING BIT 



16. 35. 3a< 



LIMIT FIELD 

LIMIT WORD 

LOAD BIT 

LOAD CHARACTER AND INCREMENT INSTRUCTION 

LOAD CHARACTER INDIRECT INSTRUCTION 



25 
56 
58 
56 
39 

16 
14 
43 
26 
26 



LOAD CHARACTER INDIRECT AND INCREMENT I NSTRUCT ION26 
LOAD CHARACTER INSTRUCTION £6 

LOAD CHARACTER INSTRUCTIONS 24 

LOAD COMPLEMENTED CHARACTER INSTRUCTION 26 

LOAD COMPLEMENTED CHARACTER AND INCREMENT 

INSTRUCTION 26 

LOAD COMPLEMENTED CHARACTER INDIRECT AND 

INCREMENT INSTRUCTION 26 

LOAD COMPLEMENTED CHARACTER INDIRECT INSTRUCTION 26 
LOAD INSTRUCTION 41 

LOAD KEY 47, go 

LOAD LIGHT Sj 



LOAD TRIGGER 

LOAD TRIGGER AND LOAD COUNTER 
LOADING UNDER MANUAL CONTROL 
LOADING UNDER PROGRAM CONTROL 
LOW-SPEED CHANNEL ERRORS 

LOW-SPEED ELECTRONIC MODE 
LOW-SPEED LINES 
LOW-SPEED LINE TERMINATION 
LOW-SPEED OPERATION. ON LINE 
LOW-SPEED PATCH PANEL 

LOW-SPEED SENSE LINE CONTROL 
LOW-SPEED TEST CHANNELS 
LOW-SPEED TEST CIRCUITS 
LOW-SPEED TELEGRAPH MODE 
LOW-SPEED WRAP-AROUND 



M FIELD 

MANUAL LOAD TRIGGER 

MASTER RESET 

MCA BUFFER 

MCA CHANNEL SCANNER 

MCA. CONFIGURATION 

MCA MULTIPLEXOR STORAGE 

MCA OPERATION 

MCA PARITY ERROR 

MCA SCANNING MATRIX 



47 
47 
47 
47 
39 

66 

6 
64 
65 
64 

66 

65 
65 
65 
66 



25 
47 
65 
55 
57 

54 
56 
54. 57 
39 
56 



12. 20, 



MCA TIMING 

METHODS AND CONDITIONS FOR GENERATING A SERVICE 

REQUEST 
METHODS OF PROCESSING 
MNEMONIC CODES 
MODE AND PRIORITY 



58 

46 
12 
26 
32 



MODE CHANGE TRIGGER 

MODE REQUEST REGISTER 

MODE SELECTOR SYSTEM 

MODE STATUS LIGHTS 

MODE STATUS REGISTER 



19. 32. 33. 



18. 32. 



47 

44. 46 

33 

51 
33. 45 



MODE SYSTEM OF INTERRUPTS 10 

MODEM 7 

MONITORING AND SUPERVISION 6 

MOVE WORD AND OR TO CONTROL STORAGE INDIRECT 

INSTRUCTION 31 

MOVE WORD AND OR TO CONTROL STORAGE INSTRUCTION 31 

MOVE WORD INSTRUCTIONS 24 

MOVE WORD TO CONTROL STORAGE INDIRECT INSTRUCTIONS! 

MOVE WORD TO CONTROL STORAGE INSTRUCTION 31 

MOVE WORD TO PROCESS STORAGE INDIRECT INSTRUCTIONS! 

MOVE WORD TO PROCESS STORAGE INSTRUCTION 31 



MULTIPLEXING CHANNEL ADAPTERS 



35. 39. 53. 66. 70 



MULTIPLEXOR CAPABILITIES. LOW-SPEED GROUP 

CONNECTED TO ONE MF SCAN POINT 71 

MULTIPLEXOR CAPABILITIES. LOW-SPEED GROUP 

CONNECTED TO TWO MF SCAN POINTS 72 

MULTIPLEXOR CONTROL CHARACTER 57 

MULTIPLEXOR STORAGE DATA REGISTER 55 



NON- ADDRESSABLE REGISTERS 16 

NON-INDIRECT BRANCH TYPE INSTRUCTION 20 

NORMAL MODE 10. 33 

NOT-ERROR BIT 40 

NOT-HOLD BIT 16. 37 



OFF-LINE AND DIAGNOSTIC STATUS 

ONE -CYCLE INSTRUCTIONS 

OPERATION CODE 

OPERATION MONITORS 

OPERATIONAL ADDRESS REGISTER 16. 

OPERATOR 'S PANEL 

OPERATOR'S SWITCHES AND DATA LIGHTS 

OR COMPLEMENT TO PROCESS STORAGE INDIRECT 

INSTRUCTION 
OH COMPLEMENT TO PROCESS STORAGE INDIRECT AND 

INCREMENT INSTRUCTION 
OR TO PROCESS STORAGE INDIRECT INSTRUCTION 

OH TO PROCESS STORAGE INDIRECT AND INCREMENT 

INSTRUCTION 

OH COMPLEMENT TO PROCESS STORAGE INSTRUCTION 

OH TO PROCESS STORAGE INSTRUCTION 

OR TO PROCESS STORAGE INSTRUCTIONS 
OUT BIT 





64 


20. 


21 




26 




51 


21. 


25 


50. 


51 




63 



29 
2B 



28 
29 
28 
24 
46 



OUT MODE 10. 13. 32 

OUT MODE OPERATION FOR ENTRY INTO COPY MODE 46 
OUT OPERATION. TRANSMISSION FROM 7750 TO C0MPUTER46 



PACKAGING REQUIREMENTS 

PARITY BIT 

PARITY CHECK 

PATCH 

PATCH CORDS 

POLL I NG 

POWER CONTROLS AND INDICATOR 

POWER OFF/POWER ON SWITCH 

POWER ON LIGHT 

POWER SUPPLY RACK 

PRESENT CHARACTER SIGNAL 
PREVENT MODE CHANGE FLAG 
PRIORITIES OF INTERRUPTS 
PRIORITY PROCESSING 
PROCESS CONTROL 

PROCESS CONTROL CHANNEL 
PROCESS CONTROL CHANNEL SCANNER 
PROCESS CONTROL RACK 
PROCESS CONTROL RACK. MCA CYCLE 

RELATIONSHIPS 
PROCESS CONTROL SCAN POINTS. USE OF 





69 


14. 16. 


57 


49. 


50 




7 




65 


12. 


36 




50 




50 




50 




6 




49 




33 




10 




32 




58 




33 


33. 


62 


6. 


58 


59. 


60 



PROCESS CYCLE 



8. 14. 20. 23. 43 



Index 



PROCESS STORAGE 5. 8. 

PROCESS STORAGE ADDRESS REGISTER 1 

18. 20. 
PROCESS STORAGE ADDRESS REGISTER 2 
PROCESS STORAGE DATA 



14. 20. 22. 25 

22. 25. 45. 47 

IB. 20-22. 47 

22 



PROCESS STORAGE DATA REGISTER 18. 
PROCESS STORAGE PARITY TRIGGER 
PROCESS STORAGE WORD 
PROCESS STORAGE WORD FORMATS 
PROCESS WORD 

PROCESSING CAPABILITY 
PROGRAM STOP 
PROGRAM STOP LIGHT 
PROGRAM-STOP STATUS 
PROGRAMMING CONSIDERATIONS 

PUT ADDRESS INDIRECT INSTRUCTION 

PUT ADDRESS INSTRUCTION 

PUT INSTRUCTIONS 

PUT LIMIT INSTRUCTION 

PUT LIMIT INDIRECT INSTRUCTION 



QUEUE 

QUEUE FORMATION 



21. 22. 43 



45-47 

50 

14 

14 

14. 16. 20 

68 

7 

52 

47. 51 

68 

30 
30 
24 

30 
30 



13 

9 



R FIELD 
RACKS 
READ BUS 
READ COMMAND 
READ LINE 

REAL-TIME OPERATION 
RECEIVE DATA LIGHT 
RECEIVING 

REGISTER ADDRESSING- 
REGISTERS 



-R. S. AND OAR 



REQUEST TO SEND LIGHT 

REQUEST TO SEND LINE 

RESET KEY 

RESET SWITCH 

RESTORE CARRIER OR INTERLOCK 



S FIELD 

SAMPLE CLOCK OSCILLATOR 

SAMPLE COUNTER BIT 

SAMPLING 

SCAN CYCLES 8 

SCAN POINTS 
SCANNER 
SCANNING 
SCRATCH WORDS 
SEND DATA LIGHT 

SEND-ONLY CHANNEL WORD 
SENDING DELAY 
SEND/RECE I VE BIT 
SENSE BIT 
SENSE COMMAND 

SENSE LINE 
SENSE LINE TIMING 
SERVICE MODE 
SERVICE MODE KEY 
SERVICE MODE PROGRAM 

SERVICE REQUEST 
SERVICE REQUEST BIT 
SERVICE REQUEST SIGNAL 
SERVICE REQUEST TRIGGER 
SERVICE RESPONSE 

SERVICE RESPONSE BIT 
SERVICE RESPONSE SIGNAL 
SERVICE RESPONSE TRIGGER 
SERVICE-STOP CHECK SWITCH 
SHIFT OPERATIONS 

SIMULATE CARRIER FAILURE 
SIMULATE ECHO FAILURE 
SIMULATE INTERLOCK FAILURE 



25 
6 
13 
47 
46 

68 
52 
62 

25 
16. 17 

52 

61 
50 
47 
65 



14. 20. 35. 





25 




53 




S6 




45 


37. 38. 


57 


57. 


58 




8 




48 


7. 


69 




SZ 




63 




35 




56 


19. 


44 


32. 


47 




46 




66 


40. 41. 


SO 




50 




41 




46 


19, 


43 




49 


45. 


46 


45. 


47 


19. 


43 


46. 


49 




46 




50 




12 




65 




65 




65 



SKIP INSTRUCTIONS 
SLAVE-MASTER CONTROL 

SPECIAL SENDING DELAY CHARACTER 

START BIT 

START KEY 

START-STOP CHANNEL WORD 

START-STOP CHANNEL WORD FORMAT 



21. 25 
62 

36 

36 

50 

36. 40 

36 



START-STOP RECEIVE MODE 35 

START-STOP SYNCHRONOUS DATA TRANSMISSION 6. 8. 35 

STATUS CHANGE CHARACTER 36. 37. 39. 62 

STATUS MACRO 16 

STATUS MICRO 16 



STOP BIT 
STOP KEY 
STOP SIGNAL 
STOP TRIGGER 
STOP-START TRIGGER 

STORAGE INSTRUCTIONS 

STORAGE-TO-STORAGE DATA MOVING OPERATIONS 

STORAGE-TO-STOHAGE INSTRUCTIONS 

STROBE TIME 

SUBSET READY LIGHT 



SYNCHRONIZATION PATTERNS 39 

SYNCHRONOUS CHANNEL WORD 37. 62 

SYNCHRONOUS CHANNEL WORD FORMAT. RECEIVE STATUS 38 

SYNCHRONOUS CHANNEL WORD FORMAT. SEND STATUS 38 

SYNCHRONOUS RECEIVE HUNT STATUS 62 



19. 


35. 


44 
50 


45. 


46. 


48 
48 
47 

23 

30 


9 


. 22 


-25 
62 
52 



SYNCHRONOUS RECEIVE MODE 
SYNCHRONOUS RECEIVE STATUS 
SYNCHRONOUS SEND CHANNEL WORD 
SYNCHRONOUS SEND CONDITION 
SYNCHRONOUS TRANSMITTER-RECEIVER 

SYNCHRONOUS TRANSMISSION 



TABLE LOOK-UP 

TERMINOLOGY 

TEST CIRCUITS. USE OF 

THERMAL LIGHT 

TIME-OUT TAG 

TIME-OUT TAG ERROR 

TIME-OUT TAG FOR FULL-DUPLEX HSA2 

TIMING 

TIMING BIT 

TIMING FOR CHANNEL IN RECEIVE STATUS 



35 
38 
61 
62 

58 



12 
6. 7 

67 
SO 
40 

41 
62. 63 

20 
57 
59 



TIMING LINE 62 

TRANSFER CHECK BIT 39 

TRANSMISSION BETWEEN THE COMPUTER AND THE 7750 43 

TRANSMIT ADDRESS INSTRUCTIONS 24 
TRANSMIT ADDRESS TO CONTROL STORAGE INDIRECT 

INSTRUCTION 30 

TRANSMIT ADDRESS TO CONTROL STORAGE INSTRUCTION 30 

TRANSMIT ADDRESS TO PROCESS STORAGE 30 

TRApiSmiT ADDRESS TO PROCESS 3TGrs#^\»E »NL/ir»t.wi ov 
TRANSMIT AND OR ADDRESS TO CONTROL STORAGE 

INDIRECT INSTRUCTION 31 
TRANSMIT AND OR ADDRESS TO CONTROL STORAGE 

INSTRUCTION 30 



TRANSMITTING 

TWO-CYCLE INSTRUCTIONS 

TYPE 2 HIGH-SPEED CHANNEL ADAPTER 

TYPES OF INSTRUCTIONS 



UNLOAD CHARACTER INDIRECT AND INCREMENT 

INSTRUCTION 
UNLOAD CHARACTER INDIRECT INSTRUCTION 
UNLOAD COMPLEMENTED CHARACTER INDIRECT AND 

INCREMENT INSTRUCTION 
UNLOAD CHARACTER INSTRUCTION 
UNLOAD CHARACTER INSTRUCTIONS 

UNLOAD COMPLEMENTED CHARACTER INDIRECT 

INSTRUCTION 
UNLOAD COMPLEMENTED CHARACTER INSTRUCTION 
UNUSUAL END BIT 
UNUSUAL END SIGNAL 



61 

21 

58 

9 



27 

27 

27 
27 

24 



27 
27 
44 
48 



84 



USE OF ADDRESS COWARE 



«9 



Y FIELD 

Y REGISTER 



16 

2S 



W FIELD 
WORD ADDRESS 
WORD ADDRESS FIELD 
WORD FORMATS 
WRAP-AROUND SWITCH 

WRITE BUS 
WRITE COMMAND 



24 
16 
3* 
IS 



13 

46 



Z COUNTER EQUALS O SIGNAL 

Z FIELD 

Z REGISTER 

Z TIME-OUT 

Z TIME-OUT TRIGGER 



48 

16< 46. 47 

14. 26 

46. 49 

49. 46 



X FIELD 

X REGISTER 



16 
14. 25 



65/66 TELEGRAPH DATA TRANSCEIVERS 

1009 DATA TRANSMISSION UNITS 

1013 CARD TRANSMISSION TERMINALS 

1050 DATA COMMUNICATIONS SYSTEMS 

7701 OR 7702 MAG. TAPE TRANS. TERMINALS 



5. 


se. 


62 




5. 


62 

5 


5. 


sa. 


62 



A22-6679-1 



2 

a 
5' 

c 

> 



> 

M 

to 

I 



SIS^ 



International Business Machines Corporation 

Data Processing Division, 112 East Post Road, White Plains, N. 



